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 A refinement of the existing synthetic methods in the literature was developed in order to 
synthesize tris(aminomethyl)ethanes from pentaerythritol. The result was a scalable, azide free 
route that produced tris(aminomethyl)ethanol as the trihydochloride salt in high yield. In addition 
to this approach, a novel route was explored beginning from hexamine to synthesize 
tris(aminomethyl)methanes. When attempting to produce the trisamine from a (1,3,5)-
triazaadamantane or a (1,3,5)-triazabicyclo- [3.3.1]nonane, retro-Mannich reactions were found 
to occur if a nitro group remained from earlier synthetic steps. Removal of this nitro group via 
reduction is expected to allow for the synthesis of tris(aminomethyl)methanes to occur as 
predicted. 
The concept of double amplification was explored in the context of developing novel 
triggered release systems with very rapid responses. The system explored in this work was 
designed to trigger in response to sunlight, using long-wave UV-sensitive photoacid generators 
as initiators, and acid amplifiers as the bulk phase. Small-molecule and polymeric acid amplifiers 
were designed, based on the known acid amplifier structures in the literature. It was found that 
three of the acid amplifiers decomposed rapidly upon initiation by elevated temperature. The 
decomposition products were characterized and support a decomposition-polymerization 
mechanism. 
 In addition, a thermally reversible epoxy was designed based on preliminary results 
showing that electron rich 2,4,6-triaryl-(1,3,5)triazaadamantanes underwent thermal 
decomposition in water. When a triveratryl-substituted analog was heated in the presence of 
bisphenol-A-diglycidyl ether, no curing was observed. When the curing was conducted at room 
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Triggered release is a chemical delivery strategy of immense commercial and academic 
importance. In an idealized system, active components that possess some ability to deliver a 
desired response are encapsulated in or by a responsive matrix. This matrix must be able to 
respond to an environmental trigger by releasing the actives. The usefulness of such a strategy is 
due to the ability of a stimulus to be transformed into chemical action which can affect much 
larger systems via the delivery of the encapsulated actives.
1
 In the materials we designed and 
investigated as a part of this project, the transduction process was of the most interest to us. In 
the literature, a variety of stimuli have been utilized such as changes in pH,
2







 and electrical fields.
6
 
All of the previously mentioned triggered release strategies depend on some type of 
chemical transduction. Such transduction usually falls under the domain of chemical 
amplification in the literature. Chemical amplification is strictly defined as a two reaction 
process where a reactant undergoes a stoichiometric reaction to generate a product that catalyzes 
the second reaction (Scheme 1).
7
 This type of process is amplified in the sense that one molecule 
of starting material for the stoichiometric reaction is capable of generating more than one 
molecule of the product of the second reaction. 
 




We chose to use sunlight as a stimulus for our chemical amplification trigger. Sunlight 
contains mostly infrared light, but also small amounts of UV light. The emission spectrum of 
sunlight at sea level was examined in order to determine the amount of UV radiation present 
within the short wave (100-280 nm), medium wave (280 – 315 nm), and long wave (315 – 380 
nm) spectral windows.  With the sun positioned at zenith, the amount of short wave UV is 
negligible due to absorption by the atmosphere. For medium wave UV, 0.62 W/m
2
 of radiation 
reaches the surface of the Earth, representing 0.06% of the total energy of sunlight. For long 
wave UV, this amount is 31.3 W/m
2
, 3.3% of the total energy.
 8
 Because sunlight contains over 
fifty times as much energy in the long wave region than in the medium wave region, a long wave 
active PAG has much greater chemical amplification potential. In addition, PAGs requiring UV 
of 280 nm wavelength or less will not be triggered by sunlight. 
There are a variety of photoactive compounds reported in the literature, many of which 
undergo fragmentation reactions. We were interested in compounds that could produce acid so 
that we could employ acid amplifiers to achieve double amplification. Additionally, we sought a 
compound that would release acid upon exposure to sunlight at sea level. Photoacid generators 
are a diverse set of compounds, including sulfonium salts (1), iodonium salts (2), o-
nitrobenzylsulfonates (3), polyphenol sulfonates (4), halomethyl-s-triazines (5), N-
sulfonoxyphthalimides (6), and N-sulfonoxynaphthalimides (7, Scheme 2).
 9
 Of these, N-
sulfonoxynaphthalimides had the best properties for our application. They undergo photolysis 
upon exposure to long wave UV light with a high Φacid (Figure 1). Nitrobenzyl sulfonates also 
had a favorable Φacid upon exposure to long wave UV light, but these PAGs have been reported 
to form brown side products that lead to self-quenching. In addition, the nitrosoaldehydes 
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responsible for the quenching are also theorized to be toxic (although there are no reports on said 













Figure 1: Representative photoacid generators and their properties. 
One of the drawbacks of chemical amplification arises from its innate sensitivity – if a 
single stoichiometric transduction reaction occurs, the second reaction is then catalyzed 
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permanently, and the second reaction can occur indefinitely in the absence of the initial stimulus. 
This can be a desirable property when the stimulus is fleeting, but often leads to undesirable 
shelf-life characteristics of such systems, especially when the intermediary reaction is acid or 
base catalyzed. Trace acid or base left over from synthesis of the system can lead to degraded 
performance, and acidic or basic payloads may be incompatible with the system entirely. 
Double amplification doubles down on both the benefits and drawbacks of chemical 
amplification. This is done by using an autocatalytic reaction – one that is catalyzed by its own 
products (Scheme 3).
14,15
 By using a transduction reaction and an autocatalytic reaction in 
tandem, very small amounts of the initial stimulus can deliver a massive response much more 
rapidly than with chemical amplification alone. It can be expected that the shelf-life of double 
amplified systems is most likely significantly shorter than with chemically amplified systems. 





 Very few autocatalytic reactions are known in the literature. Those of the most interest to 
us were the acid proliferation reactions, which take place with a class of molecules called acid 
amplifiers. Upon exposure to the initial acid stimulus, these molecules break down to release 
strong acid, which catalyzes additional decomposition.
17
 Base amplifiers are also known. Of the 
two, acid amplifiers have been much more extensively studied, and these were the molecules we 
elected to use in our double amplification system. 
 Only two research groups have reported acid amplifiers – the Ichimura group at Toho 
University, Tokyo, Japan, with affiliates at Central Glass Co. Ltd., Tokyo, and the Brainard 
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group at the University of Albany, New York. In recent years, the two groups have published 
collaborative work.
18,19
 Two reviews have been published.
20,21
 
 The group led by Ichimura has developed a wide range of acid amplifier structures 
(Scheme 4). These include 4-t-butyloxycarbonyl protected hydroxybenzyl sulfonates (12),
22
 2-
methyl-2-sulfonoxymethyl acetoacetic esters (13),
23,24,25,26,27,28










 These structures vary quite substantially in reactivity. We initially 
intended to use a cis-dihydroxy cyclohexane monosulfonate, pinanediol monotosylate 
(18).
40,41,42,43,44,45
 We later decided to pursue β-sulfonoxy ketals because of their facile synthesis, 
and the ability to potentially create polymers that would undergo main chain cleavage. 
 
Scheme 4. 
 The Brainard group developed several newer classes of acid amplifiers, including 1,3 diol 
monosulfonates (19), 3-methoxy-1-sulfonates (20), and 1,2-cis-cyclohexanediol monoacetate 
monosulfonates (21, Scheme 5).
46,47,48,49,50,51,52
 These structures also showed promising 
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LARGE SCALE, AZIDE-FREE SYNTHESES OF TRIS(AMINOMETHYL)METHANES 
 
(1,3,5)-Triazaadamantanes (TAAs) are formed by the condensation of three equivalents 
of an aldehyde with a tris(aminomethyl) compound (hereafter referred to as a triamine, Scheme 
6).
53
 The resulting TAA is formed as a mixture of diastereomers.
54
 TAAs have been used in 
previous research in our laboratory to prepare acid-labile crosslinkers.
55
 TAAs have an 
advantage over competing systems such as acetals because of their trivalent structure, and the 
tunability of the rate of degradation via substituent effects. The triamines required for TAA 
synthesis are not available commercially and must be prepared in the laboratory. Three synthetic 
pathways to these compounds have been reported in the literature. The most commonly used 
process is the treatment of tris(bromomethyl) compounds (26) with sodium azide to generate the 
corresponding triazide (27), followed by a Staudinger reduction (Scheme 7).
56
 The polyazide 
intermediate 27 in this sequence is explosive, and obtaining multi-gram or larger quantities of 
product through this route entails significant risk. Moreover, in the context of developing 
encapsulation solutions that can be produced on an industrial scale, this level of risk is 
unacceptable in a manufacturing setting. We sought a safe, scalable method to access these 








The first reported synthesis of triamines of this type was through the reaction of 
tetrakis(bromomethyl)methane (28) with sodium p-toluenesulfonamide (29), followed by acid 
hydrolysis (Scheme 8).
57
  In addition, a tetraamine (33) can be formed by reacting azetidine 30 
with 29 in the melt, followed by acid hydrolysis.
58
 Prior work in our group has used 
tris(aminomethyl)ethanol (31) for the synthesis of TAA crosslinkers because the alcohol is 
differentiated from the amines. This alcohol has been used to introduce additional functionality 
such as water solubility via PEGylation. In addition, the tetraamine (33) forms four crosslinks in 
the presence of aldehydes; three are part of a TAA unit, and the fourth is formed as an imine.
59
  
Because the effects of higher degrees of crosslinking in TAA-based materials on their material 
properties are not currently known, obtaining both compounds selectively was desired so that 
polymers derived from 31 and 33 could be tested separately. Compound 31 can be obtained 
through acid hydrolysis of azetidine 30, but the original procedure reported that the 
tetrakis(tosylamido) compound 32 formed a difficult to separate 3:1 mixture with 30. A later 
patent described the synthesis of 30 selectively, but no improvements in the hydrolysis and 
isolation of 31 have been reported.
60
  The original procedure required isolation of 31 as its 
tripicrate salt, which presents additional explosion and toxicological concerns. Another method 













Scheme 9 illustrates the progress we made towards synthesizing these compounds in 
larger quantities. Pentaerythritol (34) was converted to its tetrabenzenesulfonate 35 in high 
yield.
61
  Sodium p-toluenesulfonamide (29) was needed for the next reaction, and its synthesis 
was improved by eliminating sodium metal and increasing the yield to 99%. Azetidine 30 was 
synthesized from 35 and 29 in 69% yield. A byproduct of the reaction was 32, which was 
removed by a toluene extraction. Because some 32 was produced in this reaction, it was 
considered that the potassium salt of 29 could be more reactive and suppress the formation of 30. 
Under the same conditions but using the potassium salt, 35 was converted to 32 in yields of up to 
96%. Unfortunately, the potassium salt gave highly variable yields which were not much of an 
improvement over those obtained using the sodium salt. The acid hydrolysis of 30 proceeded 
smoothly upon the action of 70% sulfuric acid at 200 °C. Temperature control was found to be 
critical for ensuring that the reaction proceeds to completion without any charring. The 
sesquisulfate of 31 could not be isolated, but the trihydrochloride was isolated in high yield as a 
crystalline solid. Efforts were made towards the tetratosylamide 32, but the high temperature 
















It was also considered that hexamine (37) could be used as a feedstock for the synthesis 
of tris(aminomethyl)methanes (39), which have one less carbon atom than 
tris(aminomethyl)ethanes such as 31. A Mannich-type reaction occurs between hexamine and 
compounds with very acidic methyl protons (40), such as nitromethane and acetophenones with 
electron-withdrawing groups (Scheme 10).
62,63
  Because TAAs used in our lab’s prior work 
hydrolyze readily in acidic conditions, it was reasonably expected that the route in scheme 9 






7-Nitro-(1,3,5)-triazaadamantane (41) was synthesized from hexamine (37) and 
nitromethane in acetic acid. Reaction of compound 41 with sulfuric acid at room temperature for 
30 minutes gave the sulfate salt 42 (Scheme 11) instead of the triamine sesquisulfate salt (39). 
Heating of the triazaadamantane with 4 M sulfuric acid overnight gave an unidentified 
rearrangement product (43). It was hypothesized that the nitro group might be interfering with 
the hydrolysis via a retro-Mannich mechanism, so 41 was reduced to 44 with Raney nickel and 
hydrazine.
64




With these initial results, it appears that unsubstituted TAAs do not hydrolyze nearly as 
readily as triaryl TAAs do under acidic conditions. Reactions with electrophiles such as acid 
chlorides, anhydrides, orthoesters, sulfonyl chlorides, and nitric acid have been reported to open 
the TAA cage to produce (1,3,5)-triazabicyclo[3.3.1]nonane derivatives (Scheme 12). 
65, 66, 67,68
  
Presumably the resulting bisamides (or nitramines) do not react further because of the lack of 
neighboring group participation from the amides (or nitramines) in ejecting the final bridgehead 
nitrogen after its reaction with an electrophile. Basic hydrolysis of these amides yields a 
12 
 
bisaminal that lacks the stability of the diamond-like adamantine skeleton. Simply lowering the 
pH was expected to result in hydrolysis of the aminals and formation of a triamine salt. 
 
Scheme 12. 
Reaction of 41 with p-toluoyl chloride in pyridine invariably resulted in tarry products, 
even when the chloride was freshly distilled. Synthesis was also attempted from p-toluic 
anhydride, as well as recrystallized p-toluic anhydride, which was found to exclude an impurity 
with an acrid odor. Reaction with p-toluoyl chloride and triethylamine in a 
water/acetone/butanone mixture was found to yield the desired product 48 in decent yield 
(Scheme 13).  Hydrolysis of this bisamide with base was not successful, but heating with 
concentrated hydrochloric acid caused evolution of gas (presumably formaldehyde) and 
formation of a precipitate (presumably p-toluic acid). The product (50) was found to be difficult 
to isolate due to its high affinity for water. Stripping away the hydrochloric acid solution 
occasionally deposited a precipitate with an unusual 1H-NMR spectrum. Reprecipitation of this 
product as the oxalate salt gave a compound with the same NMR spectrum. The product was 
more reliably isolated by forming the zinc chloride double salt, which also had the same NMR 
spectrum. Three signals were detected: a triplet of triplets with integration of 1.0, and an AB 
quartet with both constituent doublets split once each by different coupling constants. The entire 
AB quartet had an integration of 6.0. Heating in D2O resulted in the reduction of the integration 
13 
 
of the triplet of triplets, and some of the coupling in the AB quartet disappeared, resulting in an 
AB quartet superimposed on the coupled AB quartet. Further heating resulted in the complete 
disappearance of the triplet of triplets and the elimination of the finer coupling in the AB quartet. 
Based on these observations, there are three pairs of magnetically inequivalent protons, all 
coupled to an exchangeable proton. Further purification of this compound is needed to obtain 
elemental analysis data to determine its structure. In addition, a high-resolution mass spectrum is 
needed to confirm the molecular formula of the organic component. 
 
Scheme 13. 
It is also known that nitric acid can open the triazaadamantane cage, yielding a variety of 
N-nitroamines depending on the conditions employed. We sought to replicate earlier work to 
yield compound 52, which we expected to yield triamine 54 after reduction and exposure to acid 
(Scheme 14). We found that in our hands, compound 51 was produced instead of 52. Despite 
this, we expected to obtain compound 55 via reduction, which we expected to also give 54 upon 
acidification. The reduction proceeded smoothly to produce a secondary amine by TLC, but 
upon addition of acid we were not able to isolate 54. We suspect that a retro-Mannich reaction is 
responsible for this difficulty, and there is one example of a related compound (52) losing a 
carbon atom in this way to form the retro-Mannich product 56. We ultimately decided to not 






















TRIAZAADAMANTANES AS DEGRADABLE TRIVALENT CROSSLINKERS 
 
PEG-bisaldehydes have been used in some hybrid materials to form network polymers, 
such as PEG-chitosan gels.
69
  We expected PEG-bisaldehydes to form TAAs in the presence of 
triamine 31, forming a network polymer. It was not known whether alkyl- or α-alkoxy- TAAs 
were stable, since they have not been previously reported in the literature. In order to test 
whether a PEG-TAA gel could potentially form, alkyl- (57 and 58) and mTEGyl- (59 and 60) 
substituted TAAs were synthesized (Scheme 15). Both were isolated in moderate yield, 
indicating that a PEG-TAA gel should be stable in water. Tetraethylene glycol (61) was 
alkylated with bromoacetaldehyde diethyl acetal (62) to form the bisacetal 63 (Scheme 16). The 
bisaldehyde of this compound is known to be unstable, so it was prepared in situ using 1 N HCl 
or 5% NH4Cl. The triamine hydrochloride 31 was added and the solution made basic with 
sodium bicarbonate. The resulting product 65 was precipitated and analyzed using NMR. 
Chemical shifts and splitting patterns consistent with TAA formation were observed, but with 
lower integration values than expected. The material also did not form a gel, even though it 
caused phase separation between water and acetone. It appears that oligomers were formed by 
the reaction, but nothing of high molecular weight. Self-condensation of the aldehydes is most 
likely more favorable than TAA formation because of the high reactivity of α-alkoxy aldehydes. 
















ORGANIC NON-IONIC PHOTOACID GENERATORS 
 
In a microcapsule system developed by Fréchet and coworkers, decomposition must be 
induced by adding acid from an external source.
70
 We desired to improve upon this platform by 
introducing chemical amplification through the use of a photoacid generator (PAG). PAGs use 
light as an energy source to produce acid through chemical reactions. Since sunlight is a desired 
trigger for future applications of our triggered release systems, we sought to employ PAGs as 
transducers for our acid-labile TAAs, or for more conventional materials such as polyacetals. We 
also considered using PAGs as transducers for single and double amplification in tandem with 
acid amplifers (this usage is elaborated upon in the next two chapters).  
Our desire to develop a triggered release system that can be used in a range of large-scale 
applications mandates that we consider environmental impact. The most commonly used PAG 
system, the o-nitrobenzyl esters, produces nitrosoaldehydes that are conjectured to be 
significantly toxic due to the known hazards of nitroso compounds, but no experimental reports 
of the toxicity of this type of compound are known. In addition, these nitrosoaldehydes are 
known to self-condense and form dark-colored byproducts that block light from penetrating the 
material to react with PAGs that lie deeper within. We initially chose the less commonly used 
phenol sulfonate system since its byproducts are phenols, which can be much less toxic 
depending on their substituents.
71
  
 Phenol mesylate (66) was synthesized to use as a model PAG from this class. The amount 
of acid generated was measured by titration after irradiation to create a plot of equivalents of acid 
generated versus time (Figure 2). Although this data has been measured and reported previously 
18 
 
in the literature, it was still necessary to have a benchmark measured with our equipment to 
determine the effects of changing the experimental setup before conducting novel experiments. 
We observed an acid generation efficiency about one half of that previously reported. 
 
Figure 2: Plot of equivalents of acid generated versus time for phenol mesylate (2.61 mM in 1:1 MeCN/water) 
irradiated with 64 W of 254 nm light. 
 
The kinetics of the hydrolysis of triphenyl TAA (67, Scheme 17) by acid generated by 
UV irradiation of phenol mesylate were then tested by dissolving 67 to a concentration of 5.2 
mM in 4:1 MeCN-d3/H2O and adding 3.2 equivalents of 66. The solution was irradiated with 
112 Watts of 254 nm UV light for 24 hours. The formation of benzaldehyde and disappearance 
of 67 was monitored by NMR to determine the relative amount of 67 remaining. The relative 







Figure 3: Plot of equivalents of TAA 67 remaining versus irradiation time in the presence of  66 (5.2 mM 67 and 3.2 
equivalents of 66 in 4:1 MeCN-d3/H2O irradiated with 112 W of 254 nm light). 
 
The rate of degradation of the TAA was much slower than the rate of generation of acid 
alone. We attribute this discrepancy to a buffering effect between the generated acid and the 
liberated triamine 31 from TAA hydrolysis. In addition, the rate of acid generation from 66 is 
slow even at the high level of irradiation used in our experiments. Therefore, we decided to 
search for a more efficient PAG and use an acid amplifier to increase the rate of acid generation. 
20 
 
We searched for alternative PAGs that have higher acid generation efficiencies and 
maintain the same advantages over o-nitrobenzyl sulfonates (non-toxic byproducts, shelf 
stability). The most commonly used PAGs in photolithography, the sulfonium salts, are known to 
be significantly toxic and were excluded from consideration in our system as a result.   
 As mentioned previously, we sought a PAG that was sensitive to long wave UV or visible 
light. A literature search was performed to determine the optimum PAG for our purposes – one 
that produces acid with long wave UV irradiation, and that has a high quantum yield. It was 
found that the N-sulfonoxynaphthalimides were the only class capable of acid generation with 
long wave UV, and that the quantum yields of non-fluorinated members of this class were 
similar to o-nitrobenzyl tosylates (see Figure 1, Chapter 1). It may be possible to tune the λmax for 
photoacid generation by adding substituents to the ring systems of these PAGs, perhaps allowing 
N-sulfonoxyphthalimides to be effective for our purposes as well. The phenol sulfonates, which 
we examined previously in combination with TAAs, have very low quantum yields which is 
consistent with the very long irradiation times required. We intended to test PAGs that are 
dissolved in the interior phase of the microcapsules, as well as covalently incorporated into the 
surface. The former approach has the advantages of fewer synthetic steps required and 
potentially higher reactivity, because a radical acceptor is required for the reaction to proceed, 
and this role can be filled by using an aromatic solvent or potentially an unsaturated fatty acid or 
triglyceride. Incorporation into the shell could reduce the toxicity of the PAGs (which is 
currently unknown), eliminate solubility issues, and allow the PAG to be displayed on the 
capsule surface where UV irradiation is strongest. 
N-sulfonyloxynaphthalimides 69, 70, and 71 (Scheme 18) were synthesized and their 
photoacid generation capabilities in a variety of solvents were tested. Initial attempts to produce 
21 
 
acid using compound 69 were not successful in acetonitrile, water, ethanol, DMSO, or any 
combination of those solvents, after irradiating at 365 nm with a 100 Watt source for 1-2 hours. 
No acid was detected by pH paper or pH probe, and only starting material was detected by 1H-
NMR of the non-volatile reaction components. The first report of acid generation from N-
sulfonoxyimides used N-tosyloxyphthalimide in aromatic solvents with a similar light source.  
Thus, compounds 70 and 71 were synthesized to determine whether the sulfonate side chain 
needed to be aromatic. The solvent was also switched to toluene to eliminate any solvent effects 
that might have been hindering the reaction. Preliminary results showed that acid was produced 
within 10-20 minutes. A biphasic system with 10 mL water 5 mL toluene solution containing 
PAG was found to be most effective for acid generation. A plot of the pH of the water layer 
versus irradiation time was created to evaluate the kinetics of this PAG compared to the phenol 
sulfonates (Figure 4). PAG 70 produced a significant amount of acid after only 10 minutes of 
irradiation, and reached a pH just under 4.0 in 30 minutes. The significantly improved acid 
generation rate achievable with long-wave UV is encouraging for the future applications of this 






Figure 4: Plot of pH versus irradiation time for 70 (inset) in toluene (2.83 mM). A 5.00 mL portion of the toluene 
solution was stirred vigorously with 10.00 mL Millipore-grade water while irradiating with 100 Watts of 365 nm 
light. The pH of the aqueous layer was measured.  
 
 Efforts towards the synthesis of these PAGs are shown in Scheme 19. The synthesis of 
soluble PAGs 69, 70, and 71 have been completed. The synthesis of crosslinkable PAGs 77 and 
81 have yet to be completed. The nitration of naphthalic anhydride 72 using the conditions 
commonly reported in the literature gave a mixture of 3- and 4-nitronaphthalic anhydrides in 
approximately a 10:1 ratio.
72
  By using sodium nitrate in sulfuric acid instead of nitric and 
sulfuric acids, 3-nitronaphthalic anhydride (74) was synthesized selectively.
73
  Intermediate 75 
was synthesized successfully using the same conditions used to synthesize 73. By using a higher 
temperature during nitration, 3,6-dinitronaphthalic anhydride (78) can be synthesized from 72.
74
 


















DESIGN AND SYNTHESIS OF NOVEL SMALL MOLECULE ACID AMPLIFIERS 
 
The next step was to chemically amplify the generation of acid by using acid amplifiers 
(AAs). An AA is a molecule that is degraded by acid and produces additional acid as a 
byproduct. The exponential kinetics of such a system have been paired with PAGs in photoresist 
chemistry to enhance the response of various systems to photostimulation. To the best of our 
knowledge, this chemistry has not been applied to a microcapsule-type system to induce burst-
release. A variety of AAs have been developed and several recent reviews have been published 
(see the introduction for a summary of literature work on acid amplifiers). A major concern with 
AAs is that a small amount of thermal decomposition can generate enough acid to autocatalyze  
premature decomposition of the entire batch. We chose to use pinene-based AA 85 which has 
been noted for its excellent shelf stability at ambient conditions, as well as a facile synthesis 
(Scheme 20). We employed the KMnO4 pathway shown in the scheme, but recent advances 
using OsO4-based vicinal dihydroxylation have made it the method of choice if a scale-up is 
needed in the future.
75
  The product of KMnO4 oxidation (83) can be reduced to either the cis- or 
trans- diol depending on the reducing agent employed.
76
  It is not currently known whether the 







Ichimura AA 14 was used as inspiration to design novel β-sulfonoxy ketals that were 
expected to display acid amplifying properties (Scheme 21). We investigated meso-erythritol, 
ethylene glycol, and bis(methanol) derived ketals of 1-(benzenesulfonoxy)-3-butanone. The 
meso-erythritol ketal was part of a larger effort to synthesize a poly(acid amplifier), and is 








Ketals 91 and 95 were synthesized according to scheme 21. It should be noted that the 
Ichimura group attempted to synthesize the tosylate analog of 95, but were not able to work up 
the compound because it was too reactive.
77
 During our first synthesis of 95, a small particle of 
brown material formed during rotary evaporation at 35 °C. When the rotary evaporator was 
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stopped, the rest of the pale yellow oil contacted this particle, and decomposed in a matter of 
seconds with evolution of boiling methanol. The decomposition products were collected and 
analyzed by 1H NMR. A sample of the unaltered mixture showed the spectrum of 
benzenesulfonic acid only by both 1H and 13C NMR. After treating the mixture with NaHCO3 
(aq, 10% w/v) it turned from dark brown to yellow. Partitioning with CHCl3 sent the colored 
compound into the organic layer, which contained a polymer by 1H NMR (presumably 
poly(methyl vinyl ketone)).  
Based on these preliminary findings, the apparent decomposition pathway is as shown in 
Scheme 22. The ketal is first deprotected to give a β-benzenesulfonoxy ketone (95). This most 
likely undergoes an E1CB reaction (96 to 97) to release the benzenesulfonic acid and form 
methyl vinyl ketone (MVK). The MVK then polymerizes very rapidly (less than 10 seconds), 
trapping the toxic MVK as the nonvolatile polymer. It is not known which step towards the 
formation of benzenesulfonic acid is the fast step and which is the slow step. Based on the 
decomposition behavior of the ethylene glycol ketal, it is conjectured that the E1CB reaction is 
the slower step of the two. 
 
Scheme 22. 
When drawn inside of a glass capillary, 94 was found to decompose without an acid 
initiator at ca. 37 °C. The ethylene glycol ketal 91 decomposed in a similar fashion at ca. 55 °C. 
When initiated with acid, the behavior was more complex. These above temperatures are termed 
the “spontaneous initiation points” of the compounds, and are determined by the kinetic stability 
of the ketals. 95 decomposes faster than 91, other conditions equal. In addition, if subjected to 
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extensive heating at 37 °C, 95 will initiate in seconds, whereas 91 will be metastable (eventually 
it will break down, but on the timescale of hours rather than seconds). Although 91 is more 
kinetically stable, it does not readily self-trigger if below the spontaneous initiation point. This is 
explainable if a different mechanism operates during self-triggering. This could occur if trace 
acid from the installation of the benzene sulfonate group is present. The trace acid catalyzes the 
decomposition of the ketals, which occurs in the manner shown previously in scheme 22. 
Despite all of this knowledge, further tests need to be conducted to verify this 
information with substantial results using more traditional experimental methods. This was not 
conducted as part of the studies performed because synthesizing a poly(acid amplifier) was 
deemed more important for our purposes than detailed study of the small molecule AAs. 
Methods that would provide more convincing data include variable temperature 1H NMR to 
monitor the reaction progress and formation of polymer byproduct. This would convincingly 
show the relative speed of the two steps as well as whether these are in fact the correct steps in 
the mechanism. Most importantly, it would show the lifetime of MVK under the conditions 
tested. Because of toxicity of MVK, it is necessary for almost any application that MVK should 
have a very short lifetime and be sequestered as its polymer by irreversible carbon-carbon bond 
formation. In addition, the poly(MVK) product should be analyzed by SEC to determine the 
approximate size and homogeneity of the polymer produced.  
It is noteworthy that the polymerization of MVK was not intentional in the design of this 
system, and was a completely fortuitous finding. If the starting material is a poly(acid amplifier) 
instead of a small molecule, then the repolymerization into poly(MVK) represents the first 
known example of spontaneous polymer metathesis. This made the synthesis of poly(acid 




DESIGN AND SYNTHETIC ATTEMPTS TOWARDS POLY(ACID AMPLIFIERS) 
 
Based on our prior results with small molecule AAs, the synthesis of poly(acid 
amplifiers) was of immense academic and commercial interest to us. These polymers would be 
unique in that once decomposition is initiated, the entire polymer is capable of catalyzing its own 
decomposition down to the monomer level. In addition, vinyl ketones formed from the 
decomposition are capable of repolymerization under the same conditions, resulting in the first 
known instance of polymer metathesis. We formulated several classes of poly(AA)s, and 
grouped them based on the polymerization methods that would be needed to convert the 
monomers to polymer. We devised condensation-based, ADMET-based, and ROMP-based 
polymer designs. 
 Condensation-based polymerization was investigated first, because of its inherent 
scalability resulting from the lack of an expensive metal catalyst compared to the metathesis-
derived materials. It was anticipated that this would be the most scalable method for eventual 
industrial use. Scheme 23 shows the different condensation-based methods we devised. Out these 
methods, only the conversion of 98 to 103 and 104 was attempted. The conversion of 98 to 103 
conceptually takes two ethylene glycol ketals and fuses them in a head-to-head fashion. This 
leaves two tails exposed at either end of the monomer which are converted to amino groups via 
reduction of the dinosylate. It was found that the dinosylate 101 does not readily decompose 
under acidic conditions, and actually is kinetically stable at pH 0 for over 12 hours. Only by 
heating to 100 °C for 30 minutes is any degradation observed. Because of this finding, no further 

























conjectured that the enhanced stability over the ethylene glycol ketals is due to the decreased 
mobility of the bulky section in intermediate 114 in Scheme 25. In the corresponding ethylene 
glycol ketal only a CH2CH2OH group needs to move out of the way for it to be kinetically stable 
long enough for a water molecule to attack the carbonyl, but in the meso-erythritol ketal half of 
the molecule must rotate out of the way for this to occur, resulting in a persistent metastable 
protonated ketal. Based on this explanation it was expected that the rigid pentaerythritol ketal 
(compounds 105-111) would behave similarly, so it was not pursued either. 
 
Scheme 25. 
 A different condensation polymer was devised that would not introduce the stability of 
cyclic ketals to the design. Thus, polymer 120 with disulfonate linkages became our next target 
(Scheme 26). Despite the straightforward synthesis compared to the meso-erythitol polymer 103, 
we became trapped at intermediate 119. This was because we were not able to produce 
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disulfonyl chlorides that were pure enough for use in polymerizations. Recrystallization alone 
was not sufficient to produce material that was pure by NMR, let alone analytically pure 
material. We attempted the synthesis and purification method in Scheme 27, which was reported 
to give sulfonyl bromides of exceptional purity based on melting points. Despite the high purity 













ADMET-based polymers 141 (scheme 28) and 146 (Scheme 29) were developed in order 
to avoid the difficulties in obtaining pure disulfonyl halides. This method is promising, and may 
yield a monomer that readily self-polymerizes under appropriate conditions. Despite the promise 
of this method, it remains untested. We decided to investigate only the ROMP-based polymer 
150 because of time constraints (Scheme 30). Of all poly(acid amplifiers) developed by us, the 
ROMP-based polymers are the most conceptually elegant. Some difficulties remain – it is still an 
unanswered question whether 2,2-disubstitued dihydro-1,3-dioxepins such as 147-149 undergo 
ROMP at all, and it is known from the work of Grubbs and coworkers that 2-monosubstitued 
dihydro-1,3-dioxepins undergo romp poorly or not at all (depending on substituents).
78
 In most 
cases a highly active comonomer such as norbornene was necessary. When 149 and norbornene 
were copolymerized, we obtained a material that contained a small amount of sulfonate that did 
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not leach from the material, and was not a decomposition product. Analysis of coupling patterns 



































































































TOWARDS A ONE-POT, THERMALLY ACTIVATED EPOXY 
 
 Based on a preliminary result obtained in our laboratory that showed that 2,4,6-
triveratryl-(1,3,5)-triazaadamantane (149, Scheme 31) was unstable at high temperatures, we 
anticipated that highly electron-rich triazaadamantanes would undergo thermal decomposition to 
release a triamine that would function as the hardener in a two-component epoxy resin. The exact 
mechanism of the spontaneous decomposition was not fully known to us, but we believed that it 
involved the stabilization of positive charge at the benzylic position by the p-methoxy 
substituent, followed by attack by water and subsequent less of veratraldehyde.  
 
Scheme 31. 
 We developed a test system using 2,2,2-tris(aminomethyl)ethanol freebase and bisphenol 
A diglycidyl ether in a 2:3 ratio, neat. Upon mixture of the two components, curing reached 
completion after 16 hours at room temperature, and after 48 hours in the freezer. The resulting 
epoxy was able to adhere two glass microscope slides together when clamped with binder clips 
and allowed to cure for the appropriate amount of time. The epoxy was insoluble in all solvents, 
supporting a network polymer structure.  
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 With this result in hand, triveratryl triazaadamantane was substituted for the triamine 
freebase. Curing was conducted both at room temperature, and 110 °C. Surprisingly, we found 
that curing completed in 5 days at room temperature, but not at 110 °C even after 16 hours. Upon 
heating of the room temperature-cured plates to 110 °C, the epoxy melted. The plates could be 
moved slightly and cured by cooling to room temperature. Curing at 110 °C alone did not 
produce this behavior – the curing had to be conducted at room temperature initially.  
 Based on these results, it cannot be conclusively shown whether a thermally reversible 
epoxy was formed, or if it merely melts at such a high temperature. Further tests need to be 
conducted, such as isolation of the organic-soluble components to determine what species are 
present and extractable. In addition, lap-shear tests should be performed to determine whether 
the curing process is truly complete after exposure to only room temperature, and also to 

















 Based on the experiments performed in our lab, we have successfully demonstrated the 
ability to perform the large-scale, azide-free synthesis of tris(aminomethyl)ethanol, a valuable 
starting material for the preparation of 2,4,6-substituted (1,3,5)-triazaadamantanes. We also have 
obtained preliminary evidence that combination of this triamine with PEG-bisaldehydes does not 
result in a network polymer under the conditions employed. We also have obtained some 
evidence that supports the formation of a network polymer when the triamine is reacted with 
bisphenol A diglycidyl ether at room temperature or at freezer temperature. We also have some 
interesting results from the mixture of 2,4,6-triveratryl-(1,3,5)-triazaadamantane with bisphenol 
A diglycidyl ether that seems to support the formation of some type of higher molecular weight 
product, although we have not as of yet obtained enough evidence to convincingly say that we 
have accomplished our goal of synthesizing a thermally reversible polymer. 
 From our work on photoacid generators, we have obtained preliminary evidence that 
supports the findings reported in the literature that the N-sulfonoxynaphthalimides produce acid 
upon irradiation with long-wave UV light. In addition, the amount of acid produced was much 
higher than with phenol mesylate, another known organic photoacid generator. 
 We also have obtained promising initial findings in our efforts to synthesize novel acid 
amplifiers and poly(acid amplifiers). The Ichimura-inspired β-sulfonoxy ketals exhibited a strong 
tendency to decompose upon exposure to camphorsulfonic acid, or elevated temperatures. This 
same promising finding made the synthesis of poly(acid amplifiers) a unique challenge that still 
has not been accomplished. In addition, we found that in our hands the synthesis of certain 
40 
 
classes of compounds such as disulfonyl chlorides and acyclic β-ketalesters was not as 
straightforward as reported, or did not yield material that could be easily purified using common 
protocols. Despite these challenges, the potential applications of such a material are numerous, 
and it would also be of high academic interest because of its ability to undergo polymer 
metathesis into poly(methyl vinyl ketone). We maintain an optimistic outlook should further 























Photoacid Generation Studies. 
 For photolysis of phenol mesylate (66): Samples were irradiated in a 100 mL quartz 
round-bottom flask by a Rayonet RPR-400 photoreactor containing 8 8 Watt lamps. A solution 
of phenol mesylate (2.61 mM) was prepared by dissolving 0.90017 g in 1000 mL of MeCN and 
diluting with 1000 mL deionized water. Reduction in volume due to mixing was corrected by 
adding water until a volume of 2000 ± 0.5 mL was reached. Aliquots of this solution (50 mL 
each) were dispensed into the reaction flask and degassed with N2 for 5 minutes prior to 
energizing the lamps. The N2 flow was left running throughout the irradiation to agitate the 
solution. After the desired period of time had elapsed, the solution was transferred quantitatively 
to an Erlenmeyer flask and titrated with standardized 0.0400 ± 0.0005 M NaOH (aq) to the 
endpoint of phenolphthalein, Each time point was measured in triplicate, and the average acidity 
of the control solutions was subtracted from each irradiated solution separately before calculating 
averages. 
 For photolysis of phenol mesylate in the presence of 2,4,6-triphenyl-7-hydroxymethyl-
(1,3,5)-triazaadamantane (153): 2,4,6-Triphenyl-7-hydroxymethyl-(1,3,5)-triazaadamantane 
(31.01 mg, 78 µmol) and phenol mesylate (42.45 mg, 247 µmol) were dissolved in 12.00 mL 
D3CCN and 3.00 mL H2O. The solution was split into two equal aliquots and placed in two 10 
mL quartz test tubes inside a Rayonet RPR-400 photoreactor containing 14 8 Watt lamps. Both 
test tubes were degassed with N2 for 1 minute before stoppering with a rubber septum and 
irradiating. A 375 µL aliquot was taken from both test tubes and combined into an NMR sample. 
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Using a 500 MHz Varian Unity Inova narrow-bore spectrometer, 1H spectra were taken and the 
ratio of aldehyde protons to total aldehyde and aminal protons was measured for each time point. 
The NMR samples were not reintroduced for further irradiation. 
 For photolysis of N-benzenesulfonyloxynaphthalimide (70): N-
benzenesulfonoxynaphthalimide (2.83 mM) in toluene (5.00 mL) was shaken in a sealed 20 mL 
glass vial with 10.00 mL Millipore water. After the layers separated, the pH of the water layer 
was measured with a Mettler-Toledo Easy-Five pH meter. The vial contents were stirred 
magnetically while irradiating with a 100 W Blak-Ray long-wave UV source with emission at 
365 nm. The pH of the water layer was measured after shaking to fully extract generated acid 
into the aqueous layer. 
Synthetic Procedures. 
 1H and 13C NMR spectra were recorded on either a 400 or 500 MHz Varian Unity Inova 
spectrometer. Spectra are reported as parts per million (ppm) in scale using residual peaks of 
CDCl3 (1H: 7.26; 13C: 77.16), D2O (1H: 4.79), benzene-d6 (1H: 7.16) or DMSO-d6 (1H: 2.50, 
13C: 39.52) as internal standards. Coupling constants are reported in Hertz. Mass spectra were 
obtained by the Mass Spectrometry Laboratory, School of Chemical Sciences, University of 
Illinois. Unless otherwise stated, reagents were purchased and used without further purification. 
Tetrahydrofuran (THF) was obtained dry from a solvent dispensing system. p-Toluoyl chloride 
was purified by distillation prior to use. Triethylamine was purified by shaking with KOH 
pellets, followed by distillation from CaH2 under nitrogen atmosphere. Naphthalic anhydride was 
purchased from Alfa Aesar and used as received, but older material gave colored impurities that 
could not be removed through recrystallization. Reaction progress was monitored by thin layer 
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chromatography (TLC) performed on silica gel F254 plates, and visualized using short-wave UV 
light or a stain (types of stains used are noted within each procedure). 
 
Sodium p-Toluenesulfonamide (29). A solution of NaOH in ethanol (2N) was prepared by 
boiling NaOH (14.00 g; 350 mmol) in ethanol (175 mL) until dissolution was complete. A 
solution of p-toluenesulfonamide (50.00 g; 292 mmol) in ethanol (150 mL) was brought to a 
boil, and stirred without further heating. The NaOH solution was then slowly poured into the p-
toluenesulfonamide solution while both were hot. The resulting mixture was cooled to ambient 
temperature, then chilled in ice for 2 h. The mixture was vacuum filtered and the crystals washed 
with acetone and air dried, yielding 56.08 g (99%) of fine white plates.
 1
H-NMR (D2O, 400 
MHz): δ 7.70 (d, J = 8.1 Hz, o-ArH, 2H), 7.33 (d, J = 8.1 Hz, m-ArH, 2H), 2.37 (s, CH3, 3H). 
ESI-MS (m/z): 171.0 ([M+H]
-





3,3-Bis(benzenesulfonamidomethyl)-N-tosylazetidine (30). Pentaerythrityl tetrabenzenesulfonate 
(35, 30.00 g; 43.05 mmol) and sodium p-toluenesulfonamide (29, 50.00 g; 258.8 mmol) were 
suspended in DMSO (80 mL). The reaction flask was purged with N2, and then placed in an oil 
bath heated to 130 °C, which corresponded to an internal reaction temperature of 125 °C. The 
mixture was heated at 130 °C for 18 h, then cooled to 80 °C and poured into ice-water (2.5 L). 
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The slurry was stirred vigorously by hand for 3 min, then let stand until the ice fully melted. The 
precipitate was collected by vacuum filtration, and the filter cake pressed with Al foil until no 
more water was pressed out. The filter cake was extracted with boiling toluene (200 mL) and 
vacuum filtered, then recrystallized from 90% ethanol/water (500 mL) following hot filtration. 
The crystallization mixture was chilled in ice for 1 h. The crystals collected by vacuum filtration, 
washed with petroleum ether (b.p. 35-60 °C), and air dried to yield 17.10 g (69%) of 5 as white 
feathery needles. 
1
H-NMR (CDCl3): δ 7.71 (d, J = 8.2 Hz, NTs o-ArH, 2H), 7.63 (d, J = 8.2 Hz, 
NHTs o-ArH, 4H), 7.42 (d, J = 8.2 Hz, NTs m-ArH, 2H), 7.30 (d, J = 8.2 Hz, NHTs m-ArH, 4H), 
5.20 (br t, J = 7.5 Hz, NHTs, 2H), 3.47 (s, azetidine CH2, 4H), 2.93 (d, J= 7.5 Hz, CH2NHTs, 
4H), 2.50 (s, NTs CH3, 3H), 2.44 (s, NHTs CH3, 6H). ESI-MS (m/z): 578.3 ([M]
+
, 40%), 158.0 
(42%), 141.0 (50%), 119.0 (100%). 
 
2,2,2-Tris(aminomethyl)ethanol trihydrochloride (31). Compound 30 (10.00 g; 17.3 mmol) was 
added to 70% H2SO4 (30 mL) and heated to an internal temperature of 200 °C for 2h. After 
cooling to ambient temperature, the reaction mixture was poured onto crushed ice (200 mL) and 
boiled with decolorizing carbon for 5 min and filtered hot. The filtrate was cooled to ambient 
temperature, 37% w/w HCl (125 mL) was added, and the solution left to stand overnight. The 
solution was then chilled in ice for 2h, and the crystals collected by vacuum filtration and 
washed thoroughly with acetone, then air dried to yield 3.92 g (93%) of 3a as long white needles. 
1









Pentaerythritol tetrabenzenesulfonate (35). Pentaerythritol (34, 13.70 g; 100.6 mmol) was 
suspended in pyridine (67 mL) at ambient temperature using a mechanical stirrer. 
Benzenesulfonyl chloride (78.89 g; 446.7 mmol) was added dropwise at a rate that maintained an 
internal temperature under 35 °C. Once the addition was complete, the reaction flask was placed 
in a 40 °C oil bath and stirred for 24 h. The reaction mixture was dumped into a vigorously 
stirred solution consisting of 37% w/w HCl (85 mL), deionized water (100 mL) and methanol 
(200 mL). The resulting mixture was placed in an ice bath for 30 min. The resulting precipitate 
was collected by vacuum filtration, washed with deionized water (100 mL), and air-dried. The 
precipitate was then dissolved by boiling in ethanol (c.a. 300 mL), and cooled while maintaining 
stirring. Once crystallization began, the large chunks were broken, and the mixture was cooled 
overnight without further stirring. After chilling in an ice bath for 1 h, the crystals were collected 
by vacuum filtration and air dried, yielding 65.44 g (98%) of 7 as small cream-colored crystals. 
1
H-NMR (CDCl3): δ 7.82 (dd, J = 8.5 Hz, 1.2 Hz, o-ArH, 8H), 7.70 (tt, J = 7.5 Hz, 1.2 Hz, p-
ArH, 4H), 7.58 (t, J = 7.8 Hz, m-ArH, 8H), 3.88 (s, CH2O3SPh, 8H). 
 
7-Nitro-1,3,5-Triazaadamantane (41). Hexamine (37, 50.00 g; 357 mmol), acetic acid (73.43 g, 
1223 mmol), and nitromethane (21.83 g; 358 mmol) were mixed and heated in an oil bath at 95 
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°C for 18.5 h. After cooling to ambient temperature, ethanol (50 mL) was added, and the crystals 
collected by vacuum filtration. The crystals were washed once with ethanol and thrice with 
acetone, and then air dried to yield 41.83 g (64%) of 11 as fine ivory crystals. 
1
H-NMR (D2O, 
400 MHz): δ 4.47 (d, J = 12.9 Hz, axial CH, 3H), 4.14 (d, J = 12.9 Hz, equatorial CH, 3H), 3.87 




7-Nitro-1,3,5-Triazaadamantane Monosulfate (42).  To 15 mL of 4 M H2SO4 was added 41 (3.00 
g, 16.28 mmol). The mixture was stirred until everything dissolved, and then for another 10 
minutes. Ethanol (40 mL) was added, and more ethanol was added slowly. Once a total of 50 mL 
ethanol was added, a precipitate began to form. The mixture was allowed to stir for about 5 
minutes, and then another 25 mL ethanol was added slowly. The mixture was chilled in ice for 
30 minutes and the crystals were collected by vacuum filtration and washed with acetone. After 
air-drying, 3.904 g (85%) of 42 was obtained as white feathery crystals. A sample was titrated 
with standardized NaOH to determine that the substance is a diprotic sulfate salt. 
1
H-NMR 
(DMSO-d6, 400 MHz): δ 4.71 (d, J = 12.3 Hz, axial CH, 3H), 4.42 (d, J = 12.3 Hz, equatorial 







7-Amino-1,3,5-Triazaadamantane (44). To a solution of water (7.0 mL) and isopropanol (0.5 
mL) was added 41 (5.00 g, 27.1 mmol) and Raney nickel (0.50 g). The reaction was cooled with 
a water bath, and hydrazine hydrate (3.0 mL, 93.6 mmol) was added a rate that maintained a 
temperature under 40 °C. After the addition was completed, the mixture was stirred for 15 
minutes with no further cooling, and then heated to 50 °C for 3 hours. After cooling, the mixture 
was filtered through Celite and washed thrice with water. The filtrate was boiled almost to 
dryness, and 1 mL aliquots of toluene were added to maintain a total volume of 20 mL. Once the 
water was expelled and the solution clear, it was diluted by adding 80 mL toluene. Boiled, and 
filtered hot. The mixture was left overnight to crystallize, chilled in ice for 30 minutes, and the 
crystals collected by vacuum filtration. The crystals were washed with hexane and dried under 
vacuum to yield 3.48 g (83%) of 44 as long white needles.
 1
H-NMR (CDCl3, 500 MHz): δ 4.43 
(d, J = 12.4 hz, axial CH, 3H), 4.05 (dt, J = 12.4 Hz, 0.6 Hz, equatorial CH, 3H), 3.20 (s, 




1,7-Dinitro-(1,3,5)-Triazabicyclo[3.3.1]nonane Nitrate (46). 7-Nitro-(1,3,5)-triazaadamantane 
(10.00 g, 54.2 mmol, 1.0 eq.) was added to a solution of ammonium nitrate (25.00 g, 312 mmol, 
5.75 eq.) in nitric acid (69% w/v, 100 mL, 1550 mmol, 28.5 eq.). The reaction mixture was 
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stirred at ambient temperature for 20 hours. The reaction mixture was then poured over crushed 
ice (500 mL). After prolonged standing, crystals were deposited. These were collected by 
vacuum filtration and air dried for 48 hours. The title compound was obtained as ivory crystals 
(7.67 g, 50%). 1H NMR (500 MHz, DMSO-d6) δ 5.24 (d, 1H), 4.82 (d, 2H), 4.28 (d, 2H), 4.19 
(d, 2H), 4.04 (d, 2H), 3.87 (d, 2H), 3.79 (d, 2H), 3.51 (d, 2H). 
 
7-Nitro-1,5-Ditoluoyl-1,3,5-Triazabicyclo[3.3.1]nonane (48). 7-Nitro-(1,3,5)triazaadamantane 
(9.20 g, 50 mmol) was dissolved in a solution consisting of water (175 mL), acetone (175 mL), 
and 2-butanone (100 mL) at ambient temperature. p-Toluoyl chloride (19.32 g, 125 mmol) and 
Et3N (17.5 g, 173 mmol) were added neat in an addition funnel. This mixture was added to the 
reaction over the course of two hours. After an additional hour of stirring, the reaction was 
evaporated to dryness under vacuum and partitioned between 200 mL deionized water and 200 
mL EtOAc. The organic layer was washed with an equal volume of 10% NaHCO3, then water, 
and it was evaporated to dryness under vacuum. The residue was recrystallized from 1000 mL of 
3:2 ethanol/water v/v to yield 12.47 g (61%) of 14 as fine yellow crystals. The p-toluoyl groups 
are not pointed in the same direction, and are not magnetically equivalent. 
1
H-NMR (CDCl3, 500 
MHz): δ 7.40 (br s, o-ArH, 4H), 7.26 (br s, m-ArH, 4H), 5.44 (br d, J = 11.8 Hz, CHH, 1H), 5.24 
(br d, J = 12.5 Hz, CHH, 1H), 4.85 (br d, J = 12.8 Hz, CHH, 1H), 4.51 (br d, J = 10.5 Hz, CHH, 
1H), 4.43 (br d, J = 12.5 Hz, CHH, 1H), 4.02 (br d, J = 13.1 Hz, CHH, 1H),   3.82 (br d, J = 12.1 
Hz, CHH, 1H), 3.63 (s, bridging CH2, 2H), 3.48 (br d, J = 12.7 Hz, CHH, 1H), 2.39 (s, CH3, 6H). 
13
C-NMR (CDCl3, 125 MHz): δ 171.02 (C=O), 170.55 (C=O), 140.90, 131.61, 131.33, 129.35, 
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129.28, 128.01, 127.60, 76.49, 67.77 (br), 61.66 (br) , 56.32, 53.63 (br), 47.27 (br), 21.48. ESI-




Tris(aminomethyl)nitromethane hydrochloride (50, Attempted). Compound 48 (1.00 g, 2.45 
mmol) was added to 37% HCl (15 mL) and heated in an oil bath at 90 °C. Gas was evolved after 
5 minutes, and a white precipitate formed. After 1.5 hours of heating the reaction was cooled to 
ambient temperature and the precipitate removed by vacuum filtration. The resulting solution 
was boiled nearly to dryness, during which time a white precipitate was deposited. 1H-NMR 
(D2O, 400 MHz): δ 5.35 (tt, J = 9.3 Hz, 2.8 Hz, NDH complexed with nitro group, 1H), 3.79 (dd, 
J = 14.4 Hz, 9.3 Hz, CCHHNDH, 3H), 3.61 (dd, J = 14.4 Hz, 2.8 Hz, CCHHNDH, 3H). Upon 
heating, the signal at 5.35 ppm becomes smaller and disappears completely, along with the 9.3 
Hz and 2.8 Hz coupling constants. The spectrum is reduced to a single AB quartet. 
Tris(aminomethyl)nitromethane hydrochloride/zinc chloride double salt (50, Attempted).  
Compound 48 (1.00 g, 2.45 mmol) was added to 37% HCl (15 mL) and heated in an oil bath at 
90 °C. Gas was evolved after 5 minutes, and a white precipitate formed. After 1.5 hours of 
heating the reaction was cooled to ambient temperature and the precipitate removed by vacuum 
filtration. The resulting solution was boiled to a volume of ca. 5 mL and a solution containing 
ZnCl2 (1.36 g), 37% HCl (0.42 mL), and ethanol (2 mL) was added, followed by additional 
ethanol (20 mL). After bringing the solution to a boil, it was taken off heat and left to stand 
overnight. The solution was heated gently under a stream of N2 until it evaporated down to a 
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volume of ca. 7 mL. It was diluted with ethanol (3 mL), evaporated until a white precipitate 
formed, and diluted to a total volume of 10 mL with ethanol and left to cool to ambient 
temperature. After crystals formed and the solution was no longer cloudy, it was chilled for 1 
hour in an ice bath. The crystals were collected by vacuum filtration and air dried. 290 mg of 
yellow crystals were obtained with unknown stoichiometry. 1H-NMR (D2O, 400 MHz): δ 5.35 
(tt, J = 9.3 Hz, 2.8 Hz, NDH complexed with nitro group, 1H), 3.79 (dd, J = 14.4 Hz, 9.3 Hz, 
CCHHNDH, 3H), 3.61 (dd, J = 14.4 Hz, 2.8 Hz, CCHHNDH, 3H). Upon heating, the signal at 
5.35 ppm becomes smaller and disappears completely, along with the 9.3 Hz and 2.8 Hz 
coupling constants. The spectrum is reduced to a single AB quartet. 
“Tris(aminomethyl)nitromethane hydrochloride” (50 mg, unknown stoichiometry) was dissolved 
in ethanol (0.5 mL). A solution of oxalic acid (20% w/v in ethanol, 0.5 mL) was added, and the 
resulting solution chilled in an ice bath. The precipitate was collected by vacuum filtration, 
yielding 17 mg of white powder of unknown stoichiometry. 1H-NMR (D2O, 400 MHz): δ 5.35 
(tt, J = 9.3 Hz, 2.8 Hz, NDH complexed with nitro group, 1H), 3.79 (dd, J = 14.4 Hz, 9.3 Hz, 
CCHHNDH, 3H), 3.61 (dd, J = 14.4 Hz, 2.8 Hz, CCHHNDH, 3H). Upon heating, the signal at 
5.35 ppm becomes smaller and disappears completely, along with the 9.3 Hz and 2.8 Hz 
coupling constants. The spectrum is reduced to a single AB quartet. 
7-Nitro-(1,3,5)-triazaadamantane (10.00 g, 54.3 mmol, 1.0 eq.) was added to ethylene glycol 
(100 mL), followed by sulfuric acid (18.6 g, 10.0 mL, 190 mmol, 3.5 eq.). The mixture was 
stirred until the 7-nitro-(1,3,5)-triazaadamantane completely dissolved, then heated to 140 °C. 
Gas was evolved. After 16 hours, the reaction mixture was cooled to ambient temperature. The 




- The reaction mixture (10 mL) was freebased with 10 N NaOH (aq.), filtered, and acetone 
was added until a brown precipitate crashed out.  
- The reaction mixture (5 mL) was diluted with ethanol 
- The reaction mixture (5 mL) was diluted with a solution of ZnCl2 (2 g) in conc. HCl (aq., 
1 mL), then diluted with ethanol 
- The reaction mixture (5 mL) was freebased with 10 N NaOH, boiled with NiCl2·6H2O 
(2 g), then chilled in an ice bath (shiny needles were obtained with no H NMR spectrum) 
- The remaining portion of the reaction mixture was steam distilled, evaporated to dryness 
under vacuum, and azeotroped twice with toluene. A highly odorous yellow oil was 
obtained (60 mg). 
None of these methods were successful in isolating the title compound. The reaction was 
abandoned. 
 
2,4,6-Tributyl-7-hydroxymethyl-1,3,5-triazaadamantane (57 + 58). To a solution of Et3N (0.58 g, 
5.74 mmol) in 1.65 mL MeOH was added 3a (0.200 g, 0.825 mmol). After everything had 
dissolved, butyraldehyde (0.24 g, 3.33 mmol) was added neat, and the mixture refluxed for 30 
minutes. After cooling, the reaction mixture was partitioned between 10 mL water and 10 mL 
EtOAc. The organic layer was washed twice with 10 mL portions of water, dried with sodium 
sulfate, filtered, and evaporated under vacuum. After drying under high vacuum for 24 hours, 





H-NMR of the diequatorial diastereomer (CDCl3, 400 MHz): δ 4.20 (t, J = 6.7 
Hz, axial N-CH-N, 2H), 4.09 (t, J = 6.7 Hz, equatorial N-CH-N, 1H), 3.52 (d, J = 13.1 Hz, 
asymmetric N-CHH-C, 2H), 3.09 (s, symmetric N-CH2-C, 2H), 3.03 (s, CH2OH, 2H), 2.91 (J = 
13.1, asymmetric N-CHH-C, 2H), 1.87-1.76 (m, equatorial CH2CH2CH3, 4H), 1.68-1.59 (m, 
axial CH2CH2CH3, 2H), 1.46-1.31 (m, CH2CH3, 4H), 0.94 (t, J = 7.33, axial CH3, overlapped), 
0.93 (t, J = 7.3 Hz, equatorial CH3, overlapped). ESI-MS (m/z): 296.4 ([M+H]
+




(59 + 60). To a 1 N solution of HCl (0.50 mL) was added 1,1-diethoxy-2-(2-(2-
methoxyethoxy)ethoxy)ethane (0.0345 g, 0.123 mmol), and the mixture was stirred for 1.5 h at 
ambient temperature. 31 (0.0100 g, 0.0412 mmol) was added followed by enough 10% NaHCO3 
to raise the pH to >7. The solution was heated to boiling for 5 minutes, cooled, and diluted with 
10 mL EtOH, dried with sodium sulfate, filtered, and evaporated under vacuum. After briefly 
drying under high vacuum, there was obtained 50 mg (86%) of 18 as a white viscous oil that 
contained a 3:1 mixture of diastereomers. 
1
H-NMR of the major diastereomer (CDCl3, 500 
MHz): δ 4.37 (t, J = 5.6 Hz, axial N-CH-N, 2H), 4.34 (t, J = 5.9 Hz, equatorial N-CH-N, 1H), 
3.88 (dd, J = 11.3 Hz, 5.6 Hz, axial OCH2CHN2, 2H), 3.85 (dd, J = 10.4 Hz, 5.6 Hz, equatorial 
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OCH2CHN2, 4H), 3.66-3.61 (m, OCH2CH2O, 30H), 3.55-3.53 (m, H3OCH2CH2O, 6H), 3.37 (s, 
CH3, 9H), 3.06 (s, CH2OH, 2H). 
 
 
Hexaethylene Glycol Bis(diethyl)acetal (63). Sodium hydride (60% dispersion in mineral oil, 
7.40 g; containing 185 mmol NaH) was placed under N2 and washed thrice with hexanes to 
remove the mineral oil. Anhydrous THF (50 mL) was then added. A solution of tetraethylene 
glycol (61, 7.50 g; 38.6 mmol) in anhydrous THF (50 mL) was prepared and added to the NaH 
suspension in 5 mL aliquots every minute, followed by one minute delays. Another 50 mL of 
THF was used to transfer the remaining traces of tetraethylene glycol. The solution was stirred at 
ambient temperature for 1 h under a continuous flow of N2. Bromoacetaldehyde diethyl acetal 
(30.46 g; 154 mmol) was added neat in five aliquots. The flow of N2 was stopped and the 
reaction refluxed for 18 h. A TLC of the reaction mixture (EtOAc, visualized with KMnO4) 
showed product (Rf = 0.38). The reaction mixture was vacuum filtered on a Buchner funnel to 
remove solids, rinsed twice with acetone and the filtrate concentrated under vacuum. The 
resulting golden liquid was then run through a 2.5 cm silica plug and rinsed with EtOAc. The 
filtrate was reconcentrated under reduced pressure to yield a golden liquid. This was placed 
under high vacuum and heated in a 70 °C oil bath overnight to yield 11.90 g (72%) of 20 as a 
golden liquid. 
1
H-NMR (CDCl3, 500 MHz): δ 4.63 (t, J = 5.3 Hz, CH(OEt)2, 2H), 3.70 (dq, J = 
9.3 Hz, 7.0 Hz, OCHHCH3, 4H), 3.66 (AA’BB’ multiplet, OCH2CH2OCH2CH(OEt)2, 8H), 3.65 
(s, central (CH2CH2O)2, 8H), 3.56 (dq, J = 9.3 Hz, 7.0 Hz, OCHHCH3, 4H), 3.53 (d, J = 5.3 Hz, 
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Phenol Mesylate (66). Phenol (2.50 g, 26.6 mmol) was added to a solution of Et3N (4.03 g, 39.8 
mmol) in 25 mL acetone. The flask was purged with N2, and cooled to 0 °C. After 15 minutes, 
MsCl (3.35 g, 29.2 mmol) was added in 0.2 mL aliquots every 30 seconds. The reaction was then 
stirred for 2 hours and dumped into 50 mL 3 N HCl. After 10 minutes, the precipitate was 
collected by vacuum filtration and washed with water. Crystals that formed in the filtrate were 
also collected. The solids were recrystallized by dissolving in 25 mL hot MeOH, slowly adding 
25 mL water, and heating until no longer turbid. The mixture was seeded and cooled, then 
chilled in ice for 10 minutes. The crystals were collected by vacuum filtration and air-dried to 
give 3.556 g (78%) of 21 as cream-colored plates. 
1
H-NMR (CDCl3, 500 MHz): δ 7.43 (t, J = 7.5 
Hz, m-ArH, 2H), 7.34 (tt, J = 7.5Hz, 1.0 Hz, p-ArH, 1H), 7.29 (tt, J = 7.5 Hz, 1.0 Hz, o-ArH, 
2H), 3.14 (s, SO2CH3, 3H). ESI-MS (m/z): 173.1 ([M+H]
+
, 70%), 109.9 (50%), 102.0 (100%). 
 
N-(Methanesulfonoxy)naphthalimide (69). N-Hydroxynaphthalimide (0.50 g, 2.35 mmol) was 
added to CH2Cl2 (25 mL), followed by Et3N (0.356 g, 0.50 mL, 3.52 mmol). Once the Et3N was 
added, the mixture immediately turned from pale yellow to bright red. The solution was chilled 
55 
 
in an ice bath, and MsCl (0.30 g, 0.20 mL, 2.58 mmol) was added over the course of 30 seconds. 
The color of the solution gradually faded during this addition, and was colorless upon 
completion. After stirring in the ice bath for 1 hour, the solution was evaporated to dryness. 
Water (25 mL) was added, and the resulting precipitate was collected by vacuum filtration. The 
precipitate was washed twice with water and once with a small amount of acetone. After air-
drying, 0.570 g (83%) of white powder was obtained. 1H-NMR (CDCl3, 400 MHz): δ 8.67 (dd, 
J = 7.3 Hz, 1.0 Hz, o-ArH, 2H), 8.31 (dd, J = 8.3 Hz, 1.0 Hz, p-ArH, 2H), 7.82 (dd, J = 8.3 Hz, 
7.3 Hz, m-ArH, 2H), 3.60 (s, SO2CH3, 3H). 
 
N-(Benzenesulfonoxy)naphthalimide (70). N-Hydroxynaphthalimide (2, 6.00 g, 28.1 mmol, 1.0 
eq.) was stirred with dichloromethane (250 mL) under a nitrogen atmosphere at ambient 
temperature. Triethylamine (4.28 g, 5.90 mL, 42.3 mmol, 1.5 eq.) was added and the mixture 
stirred until 2 fully dissolved. The solution turned deep red as this occurred. Benzenesulfonyl 
chloride (5.48 g, 3.70 mL, 31.0 mmol, 1.1 eq.) was added over the course of 5 minutes, which 
resulted in the gradual loss of the red color. The solution was gold when the addition was 
complete. After stirring for 1.5 hours, deionized water (25 mL) was added, and the mixture 
stirred vigorously for 15 minutes. The dichloromethane was removed by rotary evaporation, and 
deionized water (100 mL) was added to the resulting paste. The solids were collected by vacuum 
filtration, air dried, dissolved in boiling dichloromethane (30 mL), and filtered hot. After cooling 
to ambient temperature, petroleum ether (200 mL) was carefully layered on top of the solution. 
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The biphasic solution was heated gently until the layers were disrupted by convection, and 
crystals began to form. After bringing the solution to a boil it was allowed to cool overnight, and 
then chilled in an ice bath for 2 hours. The crystals were collected by vacuum filtration and air 
dried, yielding 8.11 g (82%) of pale yellow-green fine crystals. 1H NMR (500 MHz, CDCl3) δ 
8.63 (dd, J = 7.3, 1.2 Hz, ArH2, 2H), 8.29 (dd, J = 8.4, 1.1 Hz, ArH4, 2H), 8.20 – 8.15 (m, PhH2, 
2H), 7.80 (dd, J = 7.8, 7.3 Hz, ArH3, 2H), 7.78 (tt, J = 7.6, 1.3 Hz, PhH4, 1H), 7.68 – 7.61 (m, 
PhH3, 2H). 13C NMR (126 MHz, CDCl3) δ 160.00 (C=O), 135.47 (O3S-C), 135.36 (aromatic 
CH), 135.22 (phenyl C4), 132.54 (aromatic CH), 132.05 (aromatic C, ring fusion), 129.59 
(aromatic CH), 129.32 (aromatic CH), 127.69 (aromatic C, ring fusion), 127.37 (aromatic CH), 
122.44 (aromatic C-C=O). 
 
N-(Toluenesulfonoxy)naphthalimide (71). Compound was synthesized from N-
hydroxynaphthalimide (0.50 g, 2.35 mmol), p-toluenesulfonyl chloride (0.49 g, 2.58 mmol), 
Et3N (0.356 g, 0.50 mL, 3.52 mmol), and CH2Cl2 (25 mL) in the same manner as for 70. Yield: 
0.858 g (100%) of tan powder. 1H-NMR (CDCl3, 400 MHz): δ 8.64 (dd, J = 7.3 Hz, 1.0 Hz, 
naphthalic o-ArH, 2H), 8.29 (dd, J = 8.3 Hz, 1.0 Hz, naphthalic p-ArH, 2H), 8.04 (d, J = 8.4 Hz, 





N-Hydroxynaphthalimide (73). Naphthalic anhydride (1) supplied by Alfa Aesar was sufficiently 
pure for this reaction. This fresh commercial material was observed as fluffy goldenrod needles. 
Older material with a tan, powdery appearance resulted in the formation of colored impurities 
that were difficult to remove. To a round-bottom flask was added 72 (25.00 g, 126 mmol, 1.0 
eq.), ethanol (500 mL), hydroxylamine hydrochloride (13.15 g, 189 mmol, 1.5 eq.), and sodium 
bicarbonate (15.90 g, 189 mmol, 1.5 eq.). The mixture was stirred at ambient temperature for 5 
minutes and heated to reflux in an oil bath. During the heating process, gas was evolved and a 
thick precipitate formed. It was found that the yield was significantly diminished if the stirring 
was interrupted due to the formation of the precipitate. The mixture was rapidly stirred for a total 
of 4 hours at reflux and cooled to ambient temperature. The flask was placed in an ice bath and 
1.2 N HCl (250 mL) was added while stirring. The precipitate was collected by vacuum filtration 
after stirring for 1 hour. The precipitate was washed with a small amount (ca. 50 mL) of 
deionized water followed by ethanol (ca. 250 mL). After air drying for 2 hours, 26.39 g (98%) of 
crude material was obtained as a goldenrod powder. It was further purified by recrystallization 
from boiling ethanol (3.6 L) containing activated charcoal. The solution was filtered hot, and 
allowed to crystallize overnight. After chilling in an ice bath for 2 hours, the crystals were 
collected by vacuum filtration and air dried for 2 hours, yielding 21.22 g (79%) of ivory needles. 
1H NMR (500 MHz, DMSO-d6) δ 10.75 (s, N-OH, 1H), 8.50 (dd, J = 7.3, 0.9 Hz, ArH2, 2H), 
8.46 (dd, J = 8.2, 1.2 Hz, ArH4, 2H), 7.87 (dd, J = 8.2, 7.2 Hz, ArH3, 2H). 13C NMR (126 MHz, 
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DMSO- d6) δ 160.86 (C=O), 134.60 (aromatic CH), 131.40 (aromatic C, ring fusion), 130.85 
(aromatic CH), 127.32 (aromatic CH), 126.26 (aromatic C, ring fusion), 122.36 (aromatic C-
C=O). 
 
3-Nitronaphthalic anhydride (74). Naphthalic anhydride (1, 25.00 g, 126 mmol, 1.0 eq.) was 
dissolved in sulfuric acid (125.0 mL) and cooled in an ice bath to an internal temperature of < 5 
°C. Sodium nitrate (12.50 g, 147 mmol, 1.17 eq.) was dissolved in sulfuric acid (125 mL) and 
cooled to ambient temperature. The sodium nitrate solution was slowly added to the solution of 
72, at a rate that maintained in internal temperature of < 15 °C. When the addition was complete, 
the solution was cooled to < 5 °C for 1 hour. The cooling was removed and the solution stirred 
for another 1.5 hours. The solution was slowly poured over 2500 mL of crushed ice and left to 
stand until the ice melted. The precipitate was collected by vacuum filtration and air dried 
overnight. The precipitate was extracted with boiling toluene (300 mL) and filtered hot. The 
insoluble material was washed with boiling toluene (150 mL), air dried, and recrystallized from 
glacial acetic acid (950 mL). The crystals were collected by vacuum filtration and air dried for 2 
hours, yielding 19.12 g (62%) of golden needles. 1H NMR (500 MHz, DMSO-d6) δ 9.52 (d, J = 
2.3 Hz, ArH2, 1H), 8.92 (d, J = 2.2 Hz, ArH4, 1H), 8.82 (dd, J = 8.4, 1.1 Hz, ArH7, 1H), 8.70 





N-Hydroxy-3-Nitronaphthalic Anhydride (75).  3-Nitronaphthalic anhydride (4, 1.00 g, 4.11 
mmol, 1.0 eq.) was added to ethanol (20 mL), followed by hydroxylamine hydrochloride (0.43 g, 
6.19 mmol, 1.5 eq.) and sodium bicarbonate (0.78 g, 9.28 mmol, 2.26 eq.). The mixture was 
stirred at ambient temperature for 5 minutes, and then heated to reflux for 2.5 hours. After 
cooling back to ambient temperature, ethanol (ca. 20 mL) was added to mobilize the brick-red 
precipitate, followed by 2 N hydrochloric acid (0.5 mL). After stirring for 1 hour at ambient 
temperature, deionized water (25 mL) was added and the precipitate collected by vacuum 
filtration. The precipitate was washed with deionized water, then ethanol. After air drying, the 
solids were recrystallized from acetic acid (50 mL), which changed the color of the solids from 
brick red to yellow on contact. The crystals were collected by vacuum filtration and air dried, 
yielding 0.431 g (41%) of fluffy yellow needles. 1H NMR (500 MHz, DMSO-d6) δ 10.97 (s, N-
OH, 1H), 9.48 (d, J = 2.3 Hz, ArH2, 1H), 8.95 (d, J = 2.2 Hz, ArH4, 1H), 8.77 (dd, J = 8.4, 1.1 








2-Hydroxy-2,6,6-Trimethylbicyclo[3.1.1]heptan-3-one (83). To a mechanically stirred 9:1 
solution of acetone/water (500 mL) was added (±)-α-pinene (70.00 g, 81.59 mL, 513.8 mmol). 
This solution was chilled in an ice bath until the internal temperature was less than 5 °C. KMnO4 
(140.00 g, 885.9 mmol) was ground into powder and introduced into the reaction in 1-2 g 
portions. The temperature was never allowed to exceed 5 °C. After adding all of the KMnO4 (8 
h), the reaction was stirred for 18 hours and allowed to warm to ambient temperature. The 
reaction was quenched with 100 mL ethanol and stirred for 30 minutes. The mixture was filtered 
and the black MnO2 precipitate was washed twice with acetone. The filtrate and washings were 
concentrated under reduced pressure and then vacuum distilled through a 15 cm Vigreux column. 
Residual water and a forerun of 3 mL was collected at 72 °C (1.4 mm). The main fraction was 
collected from 72-75 °C (1.4 mm). This fraction was recrystallized from petroleum ether (150 
mL) and chilled in a dry ice/acetone bath. The resulting waxy white solid was collected by 
vacuum filtration, yielding 21.48 g (25%) of the title compound. 1H-NMR (CDCl3, 500 MHz): δ 
2.62 (dd, J = 2.7 Hz, 1.7 Hz, Ha, 2H), 2.45 (dtt, J = 11.0 Hz, 6.1 Hz, 1.7 Hz, Hb, 1H), 2.12 (q, J = 
6.1 Hz, Hc, 1H), 2.11 (qd, J = 6.1 Hz, 2.7 Hz, Hd, 1H), 2.04 (br s, He, 1H), 1.69 (d, J = 11.0 Hz, 






2-Methyl-2(2-hydroxyethyl)-1,3-dioxolane (90). An oven-dried flask was charged with lithium 
aluminum hydride (1.20 g, 31.6 mmol, 1.1 eq.) and anhydrous THF (50 mL). 2-Methyl-
2(methylcarboxyethyl)-1,3-dioxolane (5.00 g 28.7 mmol, 1.0 eq.) was dissolved in THF (25 
mL). The solution of 2-methyl-2(methylcarboxyethyl)-1,3-dioxolane was added to the 
suspension of lithium aluminum hydride dropwise with magnetic stirring. After the addition was 
complete, the reaction flask was sealed with a rubber septum. A 20-guage outlet needle was used 
to allow evolved hydrogen to escape. After 17 hours the reaction was complete by TLC (2:1 
petroleum ether/ethyl acetate). The reaction was quenched by addition of 75 mL ether followed 
by cooling to 0 °C and adding H2O (1.2 mL). After stirring for fifteen minutes, 4 N NaOH (aq., 
1.2 mL) was added. After fifteen minutes H2O (3.6 mL) was again added and the cooling 
removed. After fifteen minutes MgSO4 (ca. 8 g) was added. After fifteen minutes the reaction 
mixture was filtered, the filter cake washed generously with EtOAc, and the combined organics 
evaporated to dryness under vacuum. The product was obtained as a colorless oil (3.80 g, 100%).   




dioxolane (0.50 g, 3.78 mmol, 1.0 eq.) was dissolved in dichloromethane (10 mL), followed by 
benzenesulfonyl chloride (0.74 g, 0.50 mL, 4.16 mmol, 1.1 eq.) and triethylamine (1.44 g, 1.98 
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mL, 14.2 mmol, 3.75 eq.). The reaction mixture was stirred at ambient temperature for 22 hours, 
after which it was complete by TLC (2:1 petroleum ether/ethyl acetate). The reaction mixture 
was partitioned between chloroform (30 mL) and saturated NaHCO3 (aq., 30 mL). The aqueous 
layer was discarded, and the organic layer was washed with brine (aq.), then dried over MgSO4, 
filtered, and evaporated to dryness under vacuum. The title compound was obtained as a pale 
yellow oil (0.88 g, 85%).  1H NMR (500 MHz, CDCl3) δ 7.93 (d, 2H), 7.67 (t, 1H), 7.57 (t, 2H), 
4.19 (t, 2H), 3.88 (AA’BB’ m, 4H), 2.07 (t, 2H), 1.29 (2, 3H). 
 
 
Methyl 3,3-Dimethoxy-1-butanoate (93). (+)-Camphorsulfonic acid (0.05 g, 0.215 mmol, 0.025 
eq.) was dissolved in methanol (10 mL) by magnetic stirring. Methyl acetoacetate (1.00 g, 0.93 
mL, 8.6 mmol, 1.0 eq.) was added, followed by trimethyl orthoformate (2.28 g, 2.35 mL, 2.15 
mmol, 2.5 eq.). The reaction mixture was stirred at ambient temperature for 1.5 hours. 
Completion was verified by TLC (30% EtOAc in petroleum ether, v/v). The reaction mixture 
was partitioned between NaHCO3 (aq., 5% w/v) and CH2Cl2. The CH2Cl2 layer was washed with 
50 mL diH2O, then dried over MgSO4, filtered, and evaporated to dryness under vacuum. The 
title compound was obtained as a colorless oil (1.39 g, 100%). 1H NMR (500 MHz, CDCl3) δ 






3,3-Dimethoxy-1-butanol (94). An oven-dried flask was charged with lithium aluminum hydride 
(1.29 g, 6.78 mmol, 1.1 eq.) and anhydrous THF (50 mL). Methyl 3,3-Dimethoxy-1-butanoate 
(5.00 g, 6.17 mmol, 1.0 eq.) was dissolved in THF (25 mL). The solution of methyl 3,3-
dimethoxy-1-butanoate was added to the suspension of lithium aluminum hydride dropwise with 
magnetic stirring. After the addition was complete, the reaction flask was sealed with a rubber 
septum. A 20-guage outlet needle was used to allow evolved hydrogen to escape. After 14 hours 
the reaction was complete by TLC (4:1 petroleum ether/ethyl acetate). The reaction was 
quenched by addition of 75 mL ether followed by cooling to 0 °C and adding H2O (1.3 mL). 
After stirring for fifteen minutes, 4 N NaOH (aq., 1.3 mL) was added. After fifteen minutes H2O 
(3.9 mL) was again added and the cooling removed. After fifteen minutes MgSO4 (ca. 8 g) was 
added. After fifteen minutes the reaction mixture was filtered, the filter cake washed generously 
with EtOAc, and the combined organics evaporated to dryness under vacuum. The product was 
obtained as a colorless oil (4.03 g, 97%). 1H NMR (500 MHz, CDCl3) δ 3.76 (q, 2H), 3.24 (s, 
6H), 2.69 (t, 1H), 1.93 (t, 2H), 1.38 (s, 3H). 
 
3,3-Dimethoxy-1-Benzenesulfonoxybutane (95).  3,3-Dimethoxy-1-butanol (0.50 g, 3.7 mmol, 
1.0 eq.) was dissolved in dichloromethane (25 mL), followed by benzenesulfonyl chloride (0.73 
g, 0.49 mL, 4.1 mmol, 1.1 eq.) and triethylamine (1.41 g, 1.95 mL, 14.0 mmol, 3.75 eq.). The 
reaction mixture was stirred at ambient temperature for fifteen hours, after which it was complete 
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by TLC (2:1 petroleum ether/ethyl acetate). The reaction mixture was partitioned between 
chloroform (30 mL) and saturated NaHCO3 (aq., 30 mL). The aqueous layer was discarded, and 
the organic layer was washed with brine (aq.), then dried over MgSO4, filtered, and evaporated 
to dryness under vacuum. It is extremely important that a water bath at ambient temperature be 
used. Warm water will initiate autocatalytic decomposition. The title compound was obtained as 
a pale yellow oil (0.75 g, 73%). 1H NMR (500 MHz, CDCl3) δ 7.93 (d, 2H), 7.67 (t, 1H), 7.58 
(t, 2H), 4.13 (t, 2H), 3.12 (s, 6H), 2.02 (t, 2H), 1.24 (s, 3H). 
 
Meso-Erythritol Bis(ethyl acetoacetate) (99). Meso-Erythritol (12, 36.64 g, 300 mmol, 1.0 eq.) 
was added to ethyl acetoacetate (195.89 g, 200.0 mL, 1500 mmol, 5.0 eq.) and sulfuric acid (18 
mg, 10 µL, 0.18 mmol, 0.61 eq.). The reaction flask was fitted with an empty Dean-Stark trap 
and condenser, and the condenser outlet was connected to a vacuum line. The reaction mixture 
was heated to 85 °C, and then the vacuum was gradually applied until a pressure of 100 torr was 
reached. An azeotrope of water and ethyl acetoacetate then began to collect in the Dean-Stark 
trap. After 5 hours, no more liquid distilled, and a TLC sample taken at 5.5 hours indicated the 
reaction had run to completion (4:1 petroluem ether/ethyl acetate, stained with Seebach stain. Rf 
of meso-erythritol: 0.00, Rf of product: 0.38). The reaction mixture was purified by fractional 
vacuum distillation, collecting the fraction boiling at 130 °C (800 µtorr). The product was 
obtained as 45.78 g (44%) of a clear viscous liquid. About half of the liquid crystallized over a 
period of a week, but there was no detectible difference between the solid and liquid portions by 
TLC or 1H NMR. 1H NMR (solid portion, 500 MHz, CDCl3) δ 4.15 (m, H3CCH2O- overlapped 
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with tertiary dioxolane H, 6H), 4.04 (m, secondary dioxolane H, 2H), 3.94 (m, secondary 
dioxolane H, 2H), 2.66 and 2.63 (both s, EtO2CCH2C (different isomers), 3.6H), 2.10 and 2.09 
(both s, EtO2CCH2C (different isomers), 0.4H), 1.52 and 1.46 (both s, CCH3 (different isomers), 
6H), 1.26 (t, OCH2CH3, 6H). 13C NMR (solid portion, 126 MHz, CDCl3) δ 169.37 and 169.25 
(CO2Et), 108.79 (ketals), 77.00, 76.95, and 76.85 (dioxolane OCH2CH(O)C-), 68.09, 68.01, and 
67.89 (OCH2CH3), 60.72 (dioxolane OCH2CH(O)C-), 45.35 and 44.02 (EtO2CCH2C(O)2), 25.55 
and 24.50 ((O)2CCH3), 14.35, 14.33 and 14.31 (OCH2CH3). 
 
Meso-Erythritol Bis(β-hydroxybutanone) (100). Compound 99 (solid portion, 5.00 g, 14.4 mmol, 
1.0 eq.) was dissolved in anhydrous THF (20 mL). Lithium aluminum hydride (1.21 g, 31.8 
mmol, 2.2 eq.) was placed in a dry flask, followed by THF (40 mL). The flask was purged with 
nitrogen, and cooled in an ice bath. The solution of 13 was slowly added to the lithium aluminum 
hydride suspension. When the reaction no longer was producing gas, the nitrogen inlet and outlet 
lines were replaced with a balloon partially filled with nitrogen. The mixture was then stirred 
overnight, allowing the ice bath to warm to ambient temperature. The reaction mixture was then 
cooled in an ice bath, and diluted with diethyl ether (70 mL). The following additions were made 
at 15 minute intervals: deionized water (1.2 mL), 4 N sodium hydroxide (1.2 mL), and deionized 
water (3.6 mL). The ice bath was then removed, and magnesium sulfate was added (10 g). After 
stirring for 15 minutes, the reaction mixture was vacuum filtered and thoroughly washed with 
ethyl acetate. The filtrate was dried with sodium sulfate, gravity filtered, and evaporated to 
dryness under vacuum. After pumping on the resulting oil under high vacuum for 2 hours, 3.79 g 
66 
 
(100%) of pale yellow oil was obtained. 1H NMR (500 MHz, CDCl3) δ 4.25-4.05 (m, tertiary 
dioxolane H and one secondary dioxolane H, 4H), 3.91 (m, secondary dioxolane H, 2H), 3.75 
(m, HOCH2CH2(O)2, 2H), 2.70 (t, J = 5.9 Hz, HO-, 0.6H), 2.63 (t, J = 5.8 Hz, HO-, 0.4H), 2.55 
and 2.53 (both t, overlapped, J = 5.7 Hz and J = 5.6 Hz, HO- (different isomers), 1.13H), 1.97 
(m, HOCH2CH2C(O)2, 1.75H), 1.90 (m, HOCH2CH2C(O)2, 2.25H), 1.41 (s, (O)2CCH3, 0.76H), 
1.39 (s, (O)2CCH3, 2.37H), 1.34 (s, (O)2CCH3, 2.54H). 13C NMR (126 MHz, CDCl3) δ 111.82 
and 111.62 (ketals), 77.41, 76.43, and 75.99 (dioxolane OCH2CH(O)C-), 67.79, 67.37, 67.00, 
and 66.72 (dioxolane OCH2CH(O)C-), 59.21 and 58.78 (CH2CH2OH), 40.87, 40.84, 40.20, and 
40.14 (CH2CH2OH), 24.95, 24.80, 23.84, and 23.74 ((O)2CCH3).  
 
Meso-Erythritol Bis(β-(nosyloxybutanone) (101).  Compound 100 (0.10 g, 0.38 mmol, 1.0 eq.) 
was dissolved in dichloromethane (5 mL), and p-Nitrobenzenesulfonyl chloride (0.19 g, 0.84 
mmol, 2.2 eq.) was then added. The flask was purged with nitrogen, and triethylamine (0.12 g, 
0.16 mL, 1.14 mmol, 3.0 eq.) was added. After stirring for 12 hours at room temperature, the 
reaction was complete by TLC (4:1 petroluem ether/ethyl acetate, visualized with UV and 
stained with vanillin. Rf of 15: 0.04 (stained dark purple), Rf of product: 0.56 (stained dark 
purple)). Dichloromethane (10 mL) was added, and the reaction mixture was washed with 1 
volume of sodium bicarbonate (10% w/v aqueous solution) and 1 volume of sodium chloride 
(37% w/v aqueous solution). The organic phase was dried with sodium sulfate and evaporated to 
dryness under vacuum, giving 0.170 g (70%) of golden oil which slowly froze at room 
temperature into a pale yellow solid. After three weeks at room temperature, this material 
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underwent spontaneous decomposition into a black tar. 1H NMR (500 MHz, CDCl3) δ 8.41 
(overlapped d, ArH, 4H), 8.11 (overlapped d, ArH, 4H), 4.24 (m, tertiary dioxolane H and one 
secondary dioxolane H, 4H), 4.05 (m, secondary dioxolane H, 2H), 3.87-3.80 (m, 
HOCH2CH2(O)2, 2H), 2.09-2.04 (m, HOCH2CH2C(O)2, 4H), 1.32 (s, (O)2CCH3, 0.76H), 1.30 (s, 





Meso-Erythritol Bis(β-(p-aminobenzenesulfonoxybutanone)) (102). Compound 101 (50 mg, 79 
µmol, 1.0 eq.) and 10% palladium on activated carbon (20 mg) were added to ethyl acetate (15 
mL). Hydrogen was introduced through a needle reaching to the bottom of the flask, fed by a 
balloon. After 2 hours of hydrogen flow, the reaction was complete by TLC. The reaction 
mixture was filtered through Celite and evaporated to dryness under vacuum, yielding 70 mg of 
clear oil. The compound underwent extensive decomposition after isolation from the solution. 
TLC data for the product (1:1 petroleum ether/ethyl acetate): Rf 0.08; visible under UV; pink 
upon gentle heating with ninhydrin; yellow instantly with vanillin, yellow brown upon strong 
heating; orange with 2,4-DNP. 
 
Meso-Erythritol Bis(1-(benzenesulfonoxybutan-3-one) (105).  Meso-Erythritol Bis(1-
hydroxybutan-3-one) (0.50 g, 1.91 mmol, 1.0 eq.), Et3N (1.45 g, 2.0 mL, 14.3 mmol, 7.5 eq.), 
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and PhSO2Cl (0.74 g, 0.50 mL, 4.19 mmol, 2.2 eq.) were dissolved in that order in 
dichlomethane (25 mL). The reaction mixture was sealed with a septum and strirred at room 
temperature for 24 hours. The reaction mixture was monitored by TLC to confirm completion 
(2:1 petroleum ether/ethyl acetate). The reaction mixture was dumped into a separatory funnel 
and the aqueous layer discarded. The organic layer was washed with a volume of saturated 
NaHCO3 (aq.) followed by a volume of brine (aq.). The organic layer was then concentrated 
down onto a small portion of silica gel by rotary evaporation. This silica gel was dry loaded onto 
a silica plug, which was eluted with 2:1 petroleum ether/ethyl acetate. The title compound was 
obtained as a colorless oil (160 mg, 77%). TLC data for the product (2:1 petroleum ether/ethyl 
acetate): Rf 0.19; visible under UV; lilac with vanillin and strong heating.  
 1H NMR (500 MHz, CDCl3) δ 7.89 (m, 4H), 7.66 (m, 2H), 6.56 (m, 4H), 4.12 (m, 4H), 4.00 
(m, 4H), 3.77 (m, 4H), 1.99 (m, 4H), 1.28 (m, 6H). 
 
Pentaerythritol Bis(ethyl acetoacetate) (106). Pentaerythritol (34, 50.00 g, 367 mmol, 1.0 eq.) 
was ground to a fine powder and added to benzene (1 L), followed by ethyl acetoacetate (114.7 
g, 112.5 mL, 881 mmol, 2.4 eq.) and p-toluenesulfonic acid monohydrate (2.0 g, 10.5 mmol, 
0.029 eq.). The reaction flask was fitted with a Dean-Stark trap and mechanical stirrer, and 
refluxed until water was no longer collecting in the Dean-Stark trap (4 days). Sodium acetate 
(7.2 g, 87.8 mmol, 0.24 eq.) was added, and the reaction refluxed overnight. The reaction 
mixture was washed with deionized water (300 mL), sodium bicarbonate (10% w/v in water, 100 
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mL), deionized water (50 mL), and sodium chloride (37% w/v in water, 100 mL). The organic 
phase was dried with sodium sulfate, gravity filtered, and vacuum distilled to remove benzene. 
The residue was then purified by fractional vacuum distillation, collecting the fraction boiling at 
147 °C (212 mtorr). The product was obtained as 24.09 g (18%) of clear, very viscous liquid. 1H 
NMR (500 MHz, CDCl3) δ 4.15 (q, J = 7.1 Hz, ethyl, 4H), 3.81 – 3.71 (m, spiro system, 8H), 
2.75 (s, CH2CO2Et, 4H), 1.53 (s, CH3C(OO), 6H), 1.26 (t, J = 7.1 Hz, ethyl, 6H). 
 
4,4’-Dichlorosulfonyl Biphenyl (124, Attempted). Biphenyl (20.0 g, 130 mmol) was gradually 
added to chlorosulfonic acid (90 g, 772 mmol) and stirred at room temperature for 72 hours. The 
solution was poured over crushed ice (250 mL) and the white precipitate collected by vacuum 
filtration. The product was a mixture of mono- and disulfonyl chlorides by 1H NMR. 
 
4,4’-Dichlorosulfonyl Diphenylmethane (125, Attempted). Diphenylmethane (20.0 g, 119 mmol) 
was added to chlorosulfonic acid (63 g, 541 mmol) without cooling. The solution was left for 48 
h, and the precipitate collected by vacuum filtration. While on the funnel, the precipitate became 
a gummy mass and clogged the filter. The product was slurried with ice in an attempt to obtain a 




4,4’-Dichlorosulfonyl Diphenyl Ether (126, Attempted). Diphenyl ether (21.0 g, 123 mmol) was 
added to chlorosulfonic acid (87.5 g, 50 mL, 751 mmol) while cooling to 0 °C. The solution was 
allowed to come to room temperature over a period of 2.5 h. The solution was then poured onto 
crushed ice (250 mL) and left to stand until the ice had melted. The resultant white powder was 
collected by vacuum filtration and recrystallized from acetone. No solids deposited from the 
acetone. 
 
1,5-Dichlorosulfonyl Naphthalene (134, Attempted). Naphthalene (20 g, 156 mmol) was added 
to chlorosulfonic acid (175 g, 100 mL, 1500 mmol) in an ice bath. After 2 h the reaction mixture 
was poured over crushed ice (300 mL). The resulting solid was collected by vacuum filtration. 
The small amount of pink product was recrystallized from benzene, from which it did not 
reprecipitate. 
 
Dimethyl 3,3-Dimethoxyglutarate (118, Attempted). (+)-Camphorsulfonic acid (0.066 g, 0.287 
mmol, 0.05 eq.) was dissolved in methanol (10 mL). Once dissolution was complete, dimethyl 
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acetonedicarboxylate (1.00 g, 0.83 mL, 5.74 eq., 1.0 mmol) and trimethyl orthoformate (1.52 g, 
1.57 mL, 14.4 mmol, 2.5 eq.) were added. The solution was then heated to reflux. After 23 hours, 
TLC showed that starting material had been completely consumed. The reaction mixture was 
concentrated to dryness under vacuum, and the residue partitioned between dichloromethane and 
NaHCO3 (aq.). The organic layer was washed with deionized water, dried with MgSO4, filtered, 
and concentrated to dryness under vacuum. A clear oil was obtained that was determined to be a 
mixture of the title compound, and the E and Z isomers of the corresponding vinyl ether. The 
reaction was subsequently abandoned.  
 
2,4,6-Triveratryl-7-hydroxymethyl-(1,3,5)-Triazaadamantane (149). 2,2,2-
Tris(aminomethyl)ethanol (0.50 g, 2.06 mmol., 1.0 eq.) was added to methanol (25 mL), 
followed by veratraldehyde (1.37 g, 8.24 mmol., 4.0 eq.) and triethylamine (0.83 g, 1.15 mL, 
8.24 mmol., 4.0 eq.). The reaction mixture was refluxed for 45 minutes, cooled to ambient 
temperature, and partitioned between deionized water (25 mL) and ethyl acetate (25 mL). The 
organic layer was washed with NaHCO3 (sat. aq., 25 mL) and deionized water (25 mL), then 
dried over Na2SO4, filtered, and evaporated dry under vacuum. A silica plug was used to remove 
the remaining veratraldehyde and trimethylamine (1:1 petroleum ether/ethyl acetate eluent). The 
title compound was obtained as a white solid (0.75 g, 63%). 1H NMR (500 MHz, CDCl3) δ 7.44 
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(s), 7.33 (m), 7.29 (m), 6.94 (d). 6.86 (d), 5.58 (s), 5.41 (s), 3.94 (s), 3.93(s), 3.86 (s), 3.85 (s), 
3.53 (AB quartet), 3.20 (AB quartet), 2.98 (m), 2.05 (s). 
 
4,7-Dihydro-2-methyl-2-methylcarboxyethyl-1,3-dioxepin (145). p-Toluenesulfonic acid hydrate 
(0.15 g, 0.79 mmol, 0.0013 eq.) was dissolved in benzene (650 mL), followed by ethyl 
acetoacetate (81.68 g, 80.0 mL, 62.8 mmol., 1.0 eq.) and cis-2-buten-1,4-diol (55.30 g, 51.58 
mL, 628 mmol, 1.0 eq.). The reaction flask was connected to a Dean-Stark apparatus and an 
Allihn condenser. The biphasic mixture was then heated to reflux with vigorous stirring. After 19 
hours of reflux, TLC (2:1 petroleum ether/ethyl acetate) showed that conversion was complete. 
The Dean-Stark apparatus was removed, and the reaction flask set up for simple distillation. 
Benzene (300 mL) was removed by distillation, and the remaining contents were placed into a 
separatory funnel and washed with NaHCO3 (10% w/v, aq., 100 mL) and brine (aq., 100 mL). 
The organic layer was then dried over MgSO4, filtered, and then fractionally distilled under 
vacuum. Three fractions were collected: 25-75 °C, 1000–10000 mtorr; 25-68 °C, 1000 mtorr; 68-
75 °C, 800 mtorr. The third fraction was the main fraction containing the title compound as a 
colorless liquid (77.31 g, 62%). 1H NMR (500 MHz, CDCl3) δ 5.66 (s, 2H), 4.29 (m, 4H), 4.16 
(q, 2H), 2.79 (s, 2H), 1.58 (s, 3H), 1.27 (t, 3H). 
 
4,7-Dihydro-2-methyl-2-hydroxyethyl-1,3-dioxepin (146).  An oven-dried flask was charged 
with lithium aluminum hydride (1.04 g, 27.5 mmol, 1.1 eq.) and anhydrous THF (50 mL). 4,7-
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Dihydro-2-methyl-2-methylcarboxyethyl-1,3-dioxepin (5.00 g, 25.0 mmol, 1.0 eq.) was 
dissolved in THF (25 mL). The solution of 4,7-Dihydro-2-methyl-2-methylcarboxyethyl-1,3-
dioxepin was added to the suspension of lithium aluminum hydride dropwise with magnetic 
stirring. After the addition was complete, the reaction flask was sealed with a rubber septum. A 
20-guage outlet needle was used to allow evolved hydrogen to escape. After 17 hours the 
reaction was complete by TLC (2:1 petroleum ether/ethyl acetate). The reaction was quenched 
by addition of 75 mL ether followed by cooling to 0 °C and adding H2O (1.04 mL). After stirring 
for fifteen minutes, 4 N NaOH (aq., 1.04 mL) was added. After fifteen minutes H2O (3.12 mL) 
was again added and the cooling removed. After fifteen minutes MgSO4 (ca. 20 g) was added. 
After fifteen minutes the reaction mixture was filtered, the filter cake washed generously with 
EtOAc, and the combined organics evaporated to dryness under vacuum. The product was 
obtained as a colorless oil (4.00 g, 100%). 1H NMR (500 MHz, CDCl3) δ 5.67 (s, 2H), 4.28 (q, 
4H), 3.79 (t, 2H), 2.55 (br s, 1H), 2.01 (t, 2H), 1.47 (s, 3H). 
 
4,7-Dihydro-2-Methyl-2-benzenesulfonoxy-1,3-Dioxepin (147). 4,7-Dihydro-2-methyl-2-
hydroxyethyl-1,3-dioxepin (0.50 g, 3.16 mmol, 1.0 eq.) was dissolved in dichloromethane (10 
mL), followed by benzenesulfonyl chloride (0.61 g, 0.41 mL, 3.48 mmol, 1.1 eq.) and 
triethylamine (1.20 g, 1.65 mL, 11.9 mmol, 3.75 eq.). The reaction mixture was stirred at 
ambient temperature for 21 hours, after which it was complete by TLC (2:1 petroleum 
ether/ethyl acetate). The reaction mixture was partitioned between chloroform (30 mL) and 
saturated NaHCO3 (aq., 30 mL). The aqueous layer was discarded, and the organic layer was 
washed with brine (aq.), then dried over MgSO4, filtered, and evaporated to dryness under 
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vacuum. The title compound was obtained as a pale yellow oil (0.89 g, 94%). 1H NMR (500 
MHz, CDCl3) δ 7.93 (d, 2H), 7.67 (m, 1H), 7.58 (m, 2H), 5.63 (s, 2H), 4.17 (m, 6H), 2.13 (t, 
2H), 1.35 (s, 3H). 
 
Potassium p-Toluenesulfonamide. A solution of KOH in ethanol (4N) was prepared by boiling 
KOH (38.13 g; 680 mmol) in ethanol (170 mL) until dissolution was complete. A solution of p-
toluenesulfonamide (50.00g; 292 mmol) in ethanol (100 mL) was brought to a boil, and stirred 
without further heating. The KOH solution was then slowly poured into the p-
toluenesulfonamide solution while both were hot. The resulting mixture was boiled down to a 
volume of 200 mL and cooled to ambient temperature, then chilled in ice for 2h. The mixture 
was vacuum filtered and the crystals washed with acetone twice, then hexanes, then acetone, 
then hexanes again and air dried, yielding 48.77 g (80%) of white plates. 
1
H-NMR (D2O, 400 
MHz): δ 7.66 (d, J = 7.4 Hz, o-ArH, 2H), 7.28 (d, J = 7.4 Hz, m-ArH, 2H), 2.32 (s, CH3, 3H). 
ESI-MS (m/z): 171.0 ([M+H]
-




2,4,6-Triphenyl-7-hydroxylmethyl-1,3,5-triazaadamantane (67). 2,2,2-Tris(aminomethyl)ethanol 
trihydrochloride (0.50 g, 2.06 mmol) was added to methanol (25 mL), followed by Et3N (0.834 
g, 1.15 mL, 8.24 mmol). The mixture was stirred for 5 min, after which it became homogenous. 
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Benzaldehyde (0.875 g, 0.840 mL, 8.24 mmol) was added, and the solution refluxed for 2 hours. 
It was cooled to ambient temperature, evaporated to dryness, and partitioned between water (25 
mL) and ethyl acetate (25 mL). The organic layer was washed with 10% w/v NaHCO3 (25 mL) 
and water (25 mL), dried with Na2SO4, filtered, and evaporated to dryness. The residue was 
dissolved in toluene (5 mL) and evaporated to dryness four times. The residue was dissolved in 
methanol (5 mL) and evaporated to dryness twice. After 1 hour under high vacuum, 640 mg 
(78%) of ivory powder was obtained. This consisted of a 10:1 mixture of diastereomers.  1H-
NMR of the major diastereomer (CDCl3, 500 MHz): δ 7.90-7.70 (m, o-ArH, 6H), 7.49-7.20 (m, 
m- and p-ArH, 9H), 5.65 (s, eq NCPhHN, 1H), 5.44 (s, ax NCPhHN, 2H), 3.37 (AB q, J = 158 
Hz, 12 Hz, NCH2C, 4H), 2.95 (s, NCH2C and CH2OH, 4H). 1H-NMR of the minor 
diastereomer (CDCl3, 500 MHz): δ 7.90-7.70 (m, o-ArH, 6H), 7.49-7.20 (m, m- and p-ArH, 9H), 
5.69 (s, ax NCPhHN, 3H), 3.00 (s, NCH2C, 6H), 2.95 (s, CH2OH, 2H). 
 
2,2-Bis(2-Benzenesulfonoxyethyl)-1,3-Dioxolane (172). 2,2-Bis(2-hydroxyethyl)-1,3-dioxolane 
(0.50 g, 3.08 mmol, 1.0 eq.) was dissolved in pyridine (3.44 g, 3.5 mL, 43.4 mmol., 14.1 eq.), 
followed by benzenesulfonyl chloride (1.31 g, 0.88 mL, 7.34 mmol, 2.4 eq.). After 3 hours, TLC 
was taken and showed that no benzenesulfonyl chloride remained. Benzenesulfonyl chloride (0.3 
mL) was added, and the reaction stirred for another hour. TLC then showed that the starting 
material was completely consumed. The reaction mixture was partitioned between chloroform 
(30 mL) and saturated NaHCO3 (aq., 30 mL). The aqueous layer was discarded, and the organic 
layer was washed with brine (aq.), then dried over MgSO4, filtered, and evaporated to dryness 
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